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Table 2. — Muscle Strciic^tli in Disuse .'Ijrophy Cats FoUowinff Removal of Cast (Second Study) 
Immobilized leg is listed first; control leg, second. 
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T.\ble 3 . — Significant Variation of Muscle Strength from the Mean Nornwl Folloioing Cast Removal in Dis:ise 

Atrophy Cats (Second Study) 
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removed. This gave time for the muscle to 
regain its tone, for its circulation to return to 
an approximateh’ nomial condition and for the 
joints to limber up. We recognize the fact tliat 
there was some recovery of power in the muscles 
during this week but believe that the tests made 
immediately after the removal of the immobiliza- 
tion are apt to give false impressions, and this 
is especially true of a muscle which has been 
immobilized in a position of relaxation. 

Further analysis of the data presents several 
difficulties. The degree of variation of strength 
from one stimulation to the next in the same 
animal is unexplained. It is difficult to believe 
that it is due to a technical error on the part 
of the operator, since the same technic of stim- 
ulation was obser^-ed after immobilization as 
before. The average maximum variation from 
the mean in at least three stimulations before 


sectioning the sciatic nerve at tlie level of the ischial 
tuberosiw and suturing the two ends back under the 
muscle so that they were directed away from each other. 
At the conclusion of the experiment when the gastroc- 
nemius muscles were dissected free and weighed, the 
area of nerve section was carefully inspected and no 
evidence of union found in any of the animals, the ends 
of the ner\-e being in most cases 54 to 54 inch (12 to 
1.9 cm.) apart. 

Twelve of these animals were denervated and not 
immobilized. These controls were stimulated once a 
week in order to determine the normal course of atrophy- 
measured by our apparatus. Nine of the animals were 
followed for six weeks or more and 6 of them for as 
long as ten weeks. The other 12 animals were dener- 
vated and immobilized immediately- for a period of six 
weeks, 6 in the stretched and 6 in the relaxed position. 
Another 6 would have been immobilized in the neutral 
position, but the control group had shown our method 
to be unreliable for stimulation of denervated muscle. 

Denervation of muscle increases the time- 
strength characteristic (chronaxia), as shown by 



Fig. 5. — Record of twitch height in denervated muscles. Upper and middle records show no plateau. Lower 
record shows plateau from 3.4 to 5 amperes. Plateau height denoted by compass marks. Stimulation amperages 
listed below each group. 


immobilization was only 4 per cent in this group 
and, as stated before, in a total of 51 cats not 
more than 4.6 per cent. Furthermore, it is 
peculiar that in 3 cats the muscles showed an 
increase in strength following immobilization. 

OBSERVATIONS OX DEXERV.^TED MUSCLES 

The studies on denervation were carried out 
with the idea of determining whether immobiliza- 
tion had any effect in delaying or lessening the 
atrophy- of denervation and, if so, which jxisition 
was the most effective. 

In 24 cats the mean normal twitch in the strength of 
muscles was determined by at least three stimulations one 
week apart, and for an animal to be used the maximum 
deviation from the mean had to be less than 10 per cent. 
The leg which showed the least deviation from the mean 
was chosen for dener\-ation. This was carried out by 


.Adrian” (1916). Therefore the denervated 
legs were stimulated with only 20,000 and 30,000 
ohms in the secondary, thus producing a longer- 
acting stimulus. Still no definite plateau could 
be obtained consistently. Sometimes a plateau 
from 3.8 to 5 amperes could be recorded, while 
at other times no plateau could be found even 
up to 5 amperes (fig. 5). This applied to stim- 
ulation of an individual muscle from week to 
week as well as to the group as a whole. We 
attributed this inability to obtain a plateau in 
the denervated muscles to several factors. With 
dener\-ated muscle, excitation is entirely through 
the muscle fibers and, in contrast to the disuse 
atrophy muscles, no nerve stimulation occurs. 

11. -Adrian, E. D. : The Electrical Reaction of Muscles 
Before and .After Nerve Injury, Brain 39:1-33, 1916. 
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ENTRieUI-OGRArniC DLVGNOSIS OF STRICTURE 
OF THE AQUEDUCT 

Tlie positive diagnosis of a stricture can now 
sually (not always) be made by a study of the 
bape of the air shadow af the obstruction as 
liscloscd by ventriculography. The ventricular 
■ystem ahead of the obstruction must be coin- 
oletcly filled with air to insure filling of the tliird 
.entricic and of the aqueduct if it is patent, 
ess than complete filling leads to uncertainty 
M d frequently to error in interpretation. Tiie 
air shadow is frequently pathognomonic of a 
stricture.' From a soniewliat dilated, or possibh- 
normal-sized, opening of the aqueduct in the 
third ventricle, the air shadow tapers baclavard 
to a point in the midbrain — i. e.. tlie shadow is 


ever, is uncommon. It will be understood, of 
course, tliat a stricture of tlie aqueduct always 
dilates the entire ventricular system ahead of the 
aqueduct, and it is tlien necessary only to con- 
centrate the inspection of tlie ventricular shadows 
to the point of obstruction. It will also be ob- 
scr%’cd that the hydrocephalus due to a stricture 
of the iter is frequently much greater than that 
caused In- tumors in the posterior fossa, because 
in the latter the obstruction is intermittent and 
of ball valve character yintil the final stages. It fs 
probable that for years after birth there is a tiny 
lumen in an aqueduct with a stricture and that 
eventually it closes completely. That is the only 
plausible explanation for the 'appearance of the 
strictures in late childhood and even beyond. 



Fig. 4. — Diagram to show the shifting of the height of the inion (1) upward, bj- a tumor in the posterior 
fossa, and (2) dowTiward, by a supratentorial pressure of hydrocephalus. 


funnel shaped or triangular (figs. 1 and 2). The 
shape of the shadow is determined, of course, by 
the character of the lesion, i. e., a scar which 
gradually becomes more intense as it passes 
backward. Usually when this lesion is present, 
the entire length of tlie open aqueduct is less 
than 0.5 cm. Such a shadow differs from that 
of an obstruction by a tumor in that the latter 
causes a sudden obstruction and tlierefore a 
sharp vertical line at the point of obstruction 
and the part of the aqueduct anterior to it is 
uniformly dilated, because there is no scar to 
constrict it. Occasionally a diaphragmatic ob- 
struction of the aqueduct exists, and when this 
obtains the roentgenographic shadow is precisely 
like that of a tumor : such an obstruction, how- 


However, in none of the patients who have been 
operated on in this hospital has any air been 
found beyond tlie aqueduct; i. e., the strictures 
were then probably complete. 

DIAGNOSIS OF STRICTURES OF THE .AQUEDUCT 
WITHOUT VENTRICULOGRAPHA', I.E., BA- 
THE HEIGHT OF THE INION 

It'is now possible to make the diagnosis of 
stricture of -the aqueduct witliout operation and 
even Avithout ventriculography. This had been 
done in 5 cases. The clue to the diagnosis is ^he 
height of the inion. Roentgenologic examination 
is usuall}- a better guide to the site of the inion 
than palpation, because the inion may be difficult 
to feel with accuracy. Also, the lateral venous 
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be done with relative safety. We further believe 
that when practical internal fixation should be 
used for fractures complicated by neiwe lesions 
in order that external fixation may be reduced 
to a minimum. For this, there maj- be a place 
for tlie dual plates recently described by one of 
us (J. A. K.). 

During tlie course of the work, we have 
thought of several means to improve the method 
and to eliminate obstacles which were encoun- 
tered. Since we cannot effect them at this time, 
we make them as suggestions to any one inter- 
ested in carrj’ing this work further. 

1. In denervated muscle, a satisfactorj- plateau 
could probabl}' be obtained on stimulation if 
smaller experimental animals were used. The 
main factor in our inabilitj* to obtain this plateau 
was the size of the muscle wliich was so great' 
in cats that stimulation of all the muscle fibers 
required current strengths which stimulated the 
fibers nearest the electrodes more than once. The 
smaller the muscle mass, the less important this 
factor would be. 

2. Arcing across the points of the hand switch 
was another difficult)". A thyrotron would elim- 
inate this, give better control of stimulating cur- 
rents and make possible their use at much higher 
values acting for a shorter time. It could also 
be set to deliver a standard number of stimuli 
at each current strength used, thus eliminating 
excess stimulation and any fatigue factor which 
that may introduce. 

3. The t^vitch measures immediate power but 
gives no indication of endurance. A study 
of tetanic strength in disuse and dener\"ation 
atrophy may )'ield important information. Such 
a study was not possible with our apparatus 
because the inductorium could not carry the 
necessary^ current strength. A thyrotron, how- 
ever, would pro\"ide a means for constant 
strength tetanic stimulation at high currents. 

SUMMARY 

This study attempts to determine two things: 
(1) the optimum position of fixation of limbs 
in order to consen-e muscle power and (2) the 


best method of treatment of muscles paralyzed 
by loss of neiwe supply. 

A review of the literature on muscle physi- 
olog)- shows that in most of the studies of disuse 
and denervation atrophy weight has been used 
as a criterion of the atrophy. Functional studies 
have employed methods requiring the killing of 
the animal after one stimulation. Only one func- 
tional study has been reported in which the 
same animal was repeatedly stimulated, and this 
method was not satisfactor)" for our purpose. 

A method was developed for recording the 
twitch strength of the gastrocnemius-soleus group 
of muscles in cats. By means of the described 
method, animals have been stimulated as much 
as twelve different times without noticeable ' ill 
effect. 

In a series of 51 normal cats stimulated at 
weekly intervals, this method )'ielded normal 
values for one leg, which showed only 4.6 per 
cent average maximum deviation from the mean, 
with a maximum deviation range of 0 to 8.3 per 
cent. 

This method was applied to the study of dis- 
use atrophy. After normal values were deter- 
mined legs were immobilized for six weeks, with 
the muscle group in stretched, relaxed and neu- 
tral positions. Stimulation for eight weeks fol- 
lowing removal of the cast showed moderate and 
persistent disuse atrophy in the muscles which 
were stretched, whereas the relaxed and neutral 
groups showed little consistent effect. 

Denervated cats also were immobilized in 
various positions, but the study was unsatisfac- 
tor)" because no definite contraction plateau could 
be obtained in response to stimulation. 

On the basis of the data obtained from dener- 
vated cats, however, the suggestion is made that 
denervated muscles atrophy less if left alone than 
if immobilized. Emphasis is also placed on 
repairing the nerve before the bone is healed 
when fractures are complicated by peripheral 
nerve injuries. 

Dr. George Bishop, Professor of Bioph^-sics, Wash- 
ington Universitj" School of Medicine, has given help, 
without which this method could not have been developed 

Clarence E. Rupe, M.D., has given technical assistance 
in some of these experiments. * 
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ice in this scries of cases, once in an infant and group I. the opening had closed after a short 

cc in an adult. In the latter case, the anterior time, hut after a second and in 1 case a third 

proach was tried subsequently, hut without operation on the same or the other side the open- 

ccess. It should he noted that in children and ing has persisted permanently, 

ults the floor of the ventricle is always thicker A third ventriculostomy is also indicated in 
in in infants, and. to prevent subsequent clos- some cases of inoperable tumor of the cerebel- 
e. a larger opening is required. In 7 cases in lum, in wdiich there arc no crippling sequelae of 



Fig. 7. Drawing to demonstrate the steps in the procedure of third ventriculostomy by the lateral or temporal 

route : A, exposed brain. B, a flanged needle protected by a pledget of cotton is passed into the descending horn 
and left in place during the operation. Fluid rolls out in the exact amount required to gain room when the 
spatula elevates the temporal lobe. C, exposure of the cistema interpeduncularis ; the third nerve shines through 
the membrane. D, the floor of the ventricle can be seen bulging into the dstema interpeduncularis, the wall of 
which is removed. E, opening made into the floor of the ventricle bj- plunging the forceps into it or by cutting 
it with a knife or scissors. The opening can be enlarged by spreading the forceps, by pulling the thin ventricu- 
lar wall or by cutting it with angle scissors. 
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cast prior to operation to which group any given 
patient will ultimately belong” and, consequently, 
advocated maintenance of the external secretory- 
function of the pancreas. Further support to the 
importance of presen-ing the pancreatic juice 
has been given recently by- \Vliipple.“ 

When .one has adopted the idea that some 
variety of pancreaticoenterostomy is desirable, 
the problem arises of developing a s^itisfactory^ 
technic. Experimentally, several metliods have 
been applied, beginning in 1909 with the com- 
plicated procedure of Coffey'.® In 1915 Sweet 
and Simons ' described a method of implanta- 
tion of the divided pancreatic stump of a dog 
into the small intestine, while Patrie, Pyle and 
Vale® in 1917 reported a similar procedure on 
dogs, -witli a satisfactory functional result. More 
recently'. Person and Glenn ® demonstrated the 
feasibility' of implanting the pancreatic stump 
into the stomach by open anastomosis in dogs. 
Their results indicated that pancreaticogastros- 
tomy produces a normally functioning fistula and 
that in such a situation atrophy of the pancreas, 
acute pancreatitis, peritonitis and deposition of 
lipids in the liver do not occur. Extending the 
matter of pancreaticoenterostomy further, Poth,^® 
Child * and Cattell each have applied some 
form of the procedure in clinical practice, with 
satisfactory' results. 

An evaluation of the technics employed by the 
aforementioned investigators directs attention to 
two important factors: with the exception of 
Cattell’s simple method, all procedures involve 
an open anastomosis, thereby causing a breach 
in asepsis, and most are too time consuming, 
even though mechanically' simple. The radical 
operative treatment of periampullary' and pan- 
creatic carcinoma is a formidable test of the 
patient’s endurance, and the consen-ation of 
time may' be an important factor in the ultimate 
outcome. Inasmuch as the disposal of the pan- 
creatic stump represents a terminal step in the 

5. Whipple, A. O., in discussion on Dragstedt, L. R. : 
Some Physiologic Problems in Surger 3 - of the Pancreas, 
.•Sinn. Sjjrg. 118:591, 1943. 

—^'C. Cvbcy, R. C. : Pancreatic-Enterostom}- and Pan- 
Treatectomy: A Preliminary Report, Ann. Surg. 50: 

• 1238, 1909. 
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procedure, when the patient's vitality is lowest, 
the method of managing this technical detail 
should be uncomplicated and quickly performed. 
As regards asepsis, it is advisable to avoid, if pos- 
sible, opening the intestine in the presence of 
the large raw surface created by duodenectomy. 
With the idea in mind of developing an aseptic 
technic which can be performed with minimal 
loss of time and by which the external pancreatic 
secretions can be preserved, the following experi- 
mental study was conducted. 

METHOD 

Twenty-two dogs were studied. Fifteen were sub- 
jected to operation under anesthesia induced by intra- 
venous injections of pentobarbital sodium by the 
following technic. The duodenum was delivered into 
the wound along with the attached pancreas. The gland 
was divided at the junction of the uncinate process and 
the body without disturbing the relationships of the 
latter to the duodenum (fig. 1 A), thereby leaving intact 
the junction of the main pancreatic duct with the am- 
pulla of Vater. The exposed transected surface of pan- 
creatic body was closed by interrupted invaginating 
sutures of fine silk after ligation of the divided duct 
(fig. lA). In this manner, the long imcinate process 
(10 to 15 cm.) was isolated entirely from the remainder 
of the gland, maintaining its independent blood supply 
intact. No attempt was made to ligate the divided end 
of the uncinate duct, but it was allowed to retract into 
the parenchj-ma of the gland (fig. IB). A loop of 
jejunum about 7 inches (17.7 cm.) from the ligament 
of Treitz was next brought into the wound. In the long 
axis of the antimes enteric surface of the jejunal loop, 
an incision was made of sufficient length to accommo- 
date the cut surface of the imcinate stump. Particular 
care was taken to carry the incision down to, but not 
through, the mucosa, so that an opening into the lumeii 
would not occur. The serosal edges of the incision were 
spread apart gentlj-, and the stump of the divided unci- 
nate process, with its retracted duct, was implanted into 
the jejunal wall and made secure by interrupted sutures 
of fine surgical gut (fig. 1 C). The abdominal wound 
was closed in layers. 

The remaining 7 animals were operated on by a modi- 
fication of the technic of Cattell.^^ The procedure was 
similar in detail to that described, except that the unci- 
nate duct was isolated and dissected free from its sur- 
rounding parenchyma so as to protrude from the divided 
stump of the gland. A crushing ligature of fine surgical 
gut was tied tightly about the protruding duct. One 
end of the ligature was then passed as a suture through 
the exposed jejunal submucosa and tied firmly to the 
other end, thus bringing the crushed duct against the 
mucosa in a firm, necrotizing ligature (fig. ID)* 
The pancreatic stump was secured into the jejunal wall 
in the usual manner (fig. 1 C). 

All animals suivived and remained in good condition. 
Each was fed the same diet of prepared commercial 
dog food containing relatively low concentrations of 
protein and fat. No particular effort was made to sup- 
ply pancreatic secretagogues. 

Obsen-ations of the state of the pancreaticoenteros- 
tomy were made at intervals i-arj-ing from seven to 
forty-eight daj-s by the following technic. The abdomen 
of each dog was reopened, ufth the animal under anes- 
thesia induced by intravenous injections of pentobarbital 
sodium, and the pancreaticoenterostomy exposed. The 
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sum ) Is priini ()i ilic pnlciK'}' or iioiipatonc}; 
If newly rrcatfil opfiiiii". T!k; dccomprcssifiti 
he flat and s,ii't jf thf hvfIroCf[)Iia!ti‘; has 
1 cured. 

here was 1 opfrati\'f dealli in tlic series. 
1 case (ap'e 17) it was not pr)ssilile to inalre 
o[>eninit in the third ventricle hecansc it did 
descenrl tar enon"ii. .\n anterior approach 
tried: the optic nerve wa.s ent to reach it. 
the ojienint,' was small and fpiick-ly clo.sed 
r attain. The patient filed four rnonth.s later, 
rce other patif'iit.s flied at home fii'c week.s, 
ec nifinths and .six months after leavint( thf! 
pital. In none of these cases was an autopsy 
ained ; one of these patients liarl made "rcat 
frovement ; in one there was iifi imjirovement, 
I no cfimmcttt was utaflc c.oncerninft the. third. 


remainintt patient.s are well, active and normal 
menially anrl phy.sically. 

There are prohahly no "rorips of patient.s with 
a hackttronrifl of intracranial pre.ssrire that do 
hett<!r than those with strictnre of the arpiednct 
aiifl in which the procedure fs so simple and 
safe. The earlier the.rlia^no.si.s is riiarle, the hotter 
the fiperative result,-, will fjo. 

(trnup !J .(Uudrr ] yrar ). — The operative 
cures obtained in p'roiip ff are far less than in 
the pirecedin".one, i. e., in pattent,s over I year of 
a£(e. In the first [dace, the failures of the oj-jera- 
tion to sifletrack the fluid into the .subarachnoid 
space arc apfiroximateh- one half, wherea.s for 
the patient.s over 1 year of ag-e failures are very 
uncommon. The rca.son for this difference is not 



I'ifc. 12.— .-f, pIiotoRraph of a patient at the af;c of Sfd rnonth.s, showing a marked defmcc of hydrocephalus. The 
ad then measured .s2.5 cm. k. the same patient at the prc.sent time, twelve years later. The head rioe.s not lo-'dc 
uch oversize, hut accordinp; to the m.othcr’s measurements it i.s 62.5 cm. in circumterence. This may he a mistake, or 
lea.st it mii.st include a pood deal of hair, hccausc the head does not look .so Urfre. The patient i.s perfectly welf. 


I'Toin the scries, 24 are living and cured 
Ig.s. 9, 10 and 11). The time since operations 
. : hetween six months and one year, 2 case.s ; 
etween five and ten years, 1 1 ca.ses ; hetween 
til and twenty years, 3 case.s, and in I ca,sc 
.venty-three and one-half years fflg. 14). Four 
re mentally reUirded in dcgrce.s ; I goes to school 
ut makes little progress ; another is in high 
bool hut has difficulty keeping up with his 
la.sses ; the other 2 are morons. 

Three patients have greatly defective vision 
lilt can sec. The vision is not worse than before 
he operation and in 1 instance has improved a 
ittlc. 

Aside from these defects, which arc cau.sed 
jy the long-sustained intracranial pressure, the 


too clear, and the e.xplanation offered may or 
may not be correct, ft i.s my impression that 
the suharachnoid spaces leading from the efstema 
intcrpcdiincularis over the cerebral -hemispheres 
may be compres.sed over .such a long period that 
they may not reopen. In several instances air 
has been injected intraspinally before operation, 
and the air 'has Tcacherl hut not pa.ssed beyond 
the cisterna interpeduncularis. Since the hydro- 
cephalus in thfise patient.s was douhtless present 
in intrauterine life, the,se .space.s may nevfrr 
have been open and functioning^ Con.sequently, 
it may he expecting too much to anticipate their 
rce.stahlishment with uniformity after they have 
heen obliterated for .so long-. -At any rate, these 
spaces do open in some cases, and when thi.s 



SMITHY ET AL.— PANCREATIC SECRETION 


167 


RESULTS 

None of tlie animals showed gross evidence 
of active peritonitis or fat necrosis, although 
local adhesions about the pancreaticoenterostomy 
were pronounced in 4 (IS per cent) and moder- 
ate in 11 (50 per cent) ; in the remaining 7 (32 
per cent), adhesions were slight or absent. Other 
significant observations are summarized in the 
table. 

Response to Scerefin . — Of the 22 animals 
studied, 15 showed definite secretion of pan- 


Among the 6 remaining failures, dogs 4, 5 and 
12 were tested within nine days of the operation. 
Despite the negative response of dogs 4 and 5, 
microscopic sections showed that a junction had 
been made between the pancreatic duct and the 
jejunal mucosa, while dog 12 showed acute pan- 
creatitis and no evidence of fistula. Two other 
negative responses occurred, in dogs 7 and S, 
investigated at twenty-one and twenty-six days 
respectively. Microscopic sections in these ani- 
mals revealed diffuse fibrosis of the pancreatic 



Fig. 2. Pronounced dilatation of the duct due to obstruction from fibrosis. 2\ote the flattened epithelial lining 

and the moderate degree of parenchymal scarring (X 40). 


' creatic juice at the pancreaticojejunal junction 
' after intravenous injection of secretin, an inci- 
' dence of spontaneous fistula formation of 68 per 
cent. One (dog 11) died of air embolism im- 
. mediately after the injection of secretin into the 
. vena cava, so that no determination of the 
■ secretorj' response could be made. Elimination 
of this animal from the series would result in an 
/ incidence of 71 per cent of spontaneous fistula 
formation. 


stump, failure of the duct to form a junction with 
the jejunal mucosa and pronounced dilatation of 
the duct s^-stem (fig. 2). In the last failure, dog 
9, a large retention cyst of the implanted stump 
developed, containing fluid which gave a strongly 
positive reaction for amylase. 

Acute Pancreatitis. — IMicroscopic studies of 
the implanted pancreatic stumps revealed some 
evidence of acute inflammator}’ reaction in 6 
animals; an incidence of 27 per cent. As noted 
in the table, pronounced diffuse pancreatitis was 
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OF THE COMMON BILE DUCT 
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\1I stirijcons are familiar witli acute paiicrea- 
of tlie edematous and necrotic types which 
associated witli relatively fulminating mani- 
ations hut associated with only slight or no 
truction of the common bile duct. They are 
nvise familiar with temporary complete oh- 
■ction of the common duct caused by localized 
anic pancreatitis involving the head of the 
icreas. These lesions are usually localized to 
head of the pancreas and are so hard and 
dular that it is difficult to ditlercntiate them 
im carcinoma. Fortunately, this type of local 
icrcatitis usuallv subsides within a few months 
d thus allows restoration of patency of the 
mnion duct. In this presentation we wish to 
11 attention particularly to the other type of 
Tonic pancreatitis, namely, that associated with 
ffuse atrophy and fibrosis throughout the en- 
gland. Such a process may produce sur- 
Isihgly little physiologic or mechanical distur- 
mce. However, on other occasions jaundice 
ay develop and become permanent because of 
e severity of the sclerosing process involving 
: common duct. Fortunately, this condition 
not common. However, the seriousness of 
-ctruction of the terminal end of the common 
uct by the progressive pancreatitis is sufficiently 
-ell appreciated that ever}- effort should be made 
treat acute pancreatitis early and eliminate 
if possible. We have encountered 3 patients 
li 1 prolonged obstruction of tlie common duct 
jduced by chronic fibrosing pancreatitis ; the 
finical obserA-ations and methods of therapy in 
heir cases are discussed later. 

RiedeU in 1896 was tlie first to associate 
bronic, benign, inflammatory lesions of the pan- 
' CdS with obstructive jaundice. In 1900 and 
^gain in a monograph in 1907, ]\Ia)'o-Robson ' 

From the Department of SurgeO', University of 
jlinois. College of Medicine and Research and Educa- 
anal Hospitals. 

1. Riedel : Ueber entziindliche der Ruckbildung 
' "ge Vergrosserungen des Pankreashopfes, Berl. klin. 
Wchnschr. 33 : 1 and 32, 1896. 

2 . "Robson, 'A. W. M. : On Pancreatitis with Espe- 
cial Reference to Chronic Pancreatitis, Its Simulation 
31 Cancer of the Pancreas and Its Treatment by Opera- 


emphasized the clinical similarity of chronic pan- 
creatitis localized to the head of the pancreas to 
carcinoma of the pancreas. 

.\ case reported by Carter “ in 1935 mat- have 
been an e.vample of permanent obstruction of the 
common duct by pancreatitis, but in his case the 
obstruction had been .present only five weeks 
prcviqus to operation. Yet at autopsy (the pa- 
tient died of pneumonia) the gland substance 
was found to be replaced by fibrous tissue in 
the area surrounding the common bile duct and 
tiie common bile duct showed pronounced fibrosis 
of the wall with narrowing of its lumen, although 
it retained a normal mucous membrane. 

The relative infrequency of stenosis of the 
common duct secondary to chronic sclerosing 
pancreatitis ‘is illustrated by the fact that in a' 
review of SO consecutive cases of stricture of 
the common duct, Walters ^ did not encounter 
any in which the stricture was produced primarily 
by pancreatitis, although in 1 it was secondary 
to a calcified pancreatic cyst. In 77 of his series, 
the obstruction had occurred after operation on 
the gallbladder or bile ducts. Although not all 
of these were traumatic in origin, enough were 
to impress one with tlie e.Ktreme seriousness of 
accidental injury- to the common duct. 

The etiologic factor in the production of the 
usual type of acute edematous pancreatitis ap- 
pears to be strong!}- related to cholelithiasis; tire 
fact that in most cases the pancreatitis subsides 
after cholecystectomy is suggestive proof of this 
relationship, but it is by no means conclusive, 
since not infrequently cholecystectomy fails to 
stop the pancreatitis. Occasionally it develops 
after cholecystectomy. Reference has already 
been made to the. fact that localized pancreatitis 
in the head of the pancreas, simulating carcinoma, 
is rather commonly obserwed by surgeons. For- 

tion, with Illustrative Cases, Lancet 2:233-240, 1900: 
Pancreatitis Due to Direct Extension of a Malignant 
Growth of the Gallbladder Along the Common Bile 
Duct and Pancreatic Ducts, ibid. 2:508-511, 1907. 

3. Carter, R. F. : Benign Fibrous Stenosis of the 
Common Duct, Am. J. Surg. 30:110-114 (Oct.) 1933. 

4. Walters, M'. : Strictures and Injuries of Bile 
Ducts. J. A. M. A. 113:209-213 (July IS) 1939. 
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of pronounced diffuse acute pancreatitis unac- 
companied by fat necrosis. This factor, in 
association with the short postoperative inten'al, 
was considered sufficient explanation for failure 
of secretion to occur. The other failures were 
dogs 7, S and 9. all killed three weeks or more 
after operation. The first 2 showed moderate 
diffuse fibrosis with considerable dilatation of the 
duct (fig. 2), and no evidence of pancreatitis, 
indicating that obstruction of the duct resulted 
from fibrosis of the adjacent parenchyma. In 
dog 9 a large retention C3'st developed which 
replaced tire entire uncinate parenchyma, owing 
to failure of tlie duct to break through the jejunal 
wall. Studies of the excised specimens of dogs 
7, 8 and 9 failed to reveal an}' explanation of 
the selective action of fibrous tissue in causing 
obstruction of the ducts. Furthermore, it could 
not be determined from the investigations what 
factors decided whether cyst formation or simple 
dilatation would occur. 

Var}'ing degrees of acute pancreatitis occurred 
in 6 animals. Two of these showed evidence of 
slight patchy inflammation, principally around 
the sutures ; 2, moderate diffuse reactions which 
did not interfere with secretion and 2, extreme 
diffuse inflammator}' infiltration. In those ani- 
mals in which the uncinate duct was allowed 
to retract into the parench)ma of the gland, a 
collection of pancreatic juice might be expected 
to develop at the site of implantation, pending 
spontaneous breakthrough into the jejunum, in 
a high percentage of instances. In such circum- 
stances, diffuse pancreatic necrosis would be 
inewtable in a considerable number of cases. 
The development of slight, patchy, acute pan- 
creatitis in 2 dogs and moderate diffuse pan- 
creatitis in 2 is erddence that such a situation 
does not occur frequently. On the other hand, 
a crushing ligature about the duct, holding it 
firmly against the jejunal submucosa, should 
minimize the local accumulation of pancreatic 
secretion and thereby eliminate the subsequent 
development of diffuse pancreatitis. Actually, 
the only 2 instances of severe pancreatitis oc- 
curred in animals subjected to tlie latter technic. 
The first was found in dog 12, investigated 
seven days after operation and showing a nega- 
tive response to secretin. The second was found 
in dog 21, thirty-four days postoperatively, in 
which the reaction to secretin was positive. In 
the latter animal, the pancreatitis was acute and 
the fibrosis was minimal, indicating that the 
inflammator}- process developed late in the post- 
operative course. The interesting aspects of this 
. case pertain to the pathogenesis of the pancre- 
atitis and to the possibilities of its late effects had 
the animal been allowed to live longer. .At the 


time the dog was killed, tliere was no obvious 
condition to suggest a disease of any kind. 

Despite the fact tliat 15 dogs presented no 
evidence of acute pancreatitis, some degree of 
fibrosis was noted in all but 2 of tlie total num- 
ber. This situation may be interpreted as mean- 
ing that at some period of the postoperative 
course inflammatory infiltration of the implanted 
stump occurred, being displaced by scar tissue 
at a later date. If this reasoning is correct, it 
is suggested that acute pancreatitis develops 
shortly after operation in the majority of ani- 
nials, is limited in its scope and is successfully 
replaced by fibrous tissue proliferation. An im- 
portant observation is the fact that of 18 ani- 
mals showing vaiydng degrees of fibrosis of the 
stump (omitting dogs 5, 9, 11 and 20; see the 
table), only 4 showed a negative response to 
secretin. It is significant that considerable 
amounts of adnar tissue can be replaced by 
scar without eliminating the secretory function 
of the gland (fig. 4). Apparently, as noted in 
dogs 7, 8 and 9 (see the preceding section), 
scarification interferes with function only when 
it causes obstruction of the duct. There are 
no possible means of predicting this selective 
action before pancreaticojejunostomy is per- 
formed, but its inddence is low in the animals 
studied in this series. 

SUXIM.’^RY AND CONCLUSIONS 

An aseptic technic of implanting the transected 
uncinate process of the dog’s pancreas into the 
wall of the jejunum is described. 

Spontaneous fistula formation developed be- 
tween the divided pancreatic stump and the 
jejunum in 71 per cent of the animals, as deter- 
mined by the appearance of pancreatic juice at 
the fistula after intravenous injection of secretin. 

A low incidence of the usual complications of 
transection of the pancreas occurred, there being 
no peritonitis, no external pancreatic fistula, 1 
retention C}'st and 2 instances of severe acute 
pancreatitis. 

All animals survived and remained in good 
health regardless of whether complicating factors 
developed or whether pancreatico jejunal fistulas 
were formed. 

A significant fact noted was that fibrous tissue 
infiltration of the implanted pancreatic stump 
can occur to a considerable extent without inter- 
fering with the secretory function of the gland. 

Results obtained in this study suggest appli- 
cation of the methods described to patients un- 
dergoing radical surgical treatment of carcinoma 
involving the head of tlie pancreas and the peri- 
ampullar}- region, for whom preservation of the 
external secretion of the pancreas is desired. 
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/’/;■ 77;' h'sox- COL .V( 'rl. i ri ns t 

1."', 1943, .I cliroiik nlly dkr.T't'd f.-Tllldaddcr wn", 
c<! ami a i;aIIv!oiic 1 nil. in diameter \va>; re- 
I I’rcijn the comnMn hilc duct. 'I'iic I'ai'crca 5 wa*; 
red one and otir-iiall’ timn^ and wa'i indurated 
lodular. The patient'.* po-toperaliee period wav 
vital stormy l>cx*au'c of excewise ami proloni;c<l 
a and !osv of aj'petite, He was diseharecd from 
ospital with tlie T tnhe in place. Clampini: of 
uhc daily for several hoiir.s was well tolerated, 
o It was removed on the enthteenth jiostopcrative 
However, removal of the tnhe wa* followed in 
.y-tour hours hv cram[iim: epiirnstric pain, nausea, 
ting and a temperature of ](V).d !•'. He was again 
tied to the hospital (one month following chole- 
efomy) with a white Mood cell count of 12.000 
an icterus index of 40. These findings, together 
pain and tenderness transversely in the epigns- 
;i._tnade a diagnosis of suhacute or acute pan- 
itis obvious ; it was thought that a mild suppurative 
angitis perhaps accompanied the pancreatitis, hut 
mfcctfoa was not severe enough to warrant drafn- 
b.v operation. The patient responded well to con- 
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!?■ ^ransduodenal anastomosis was performed 

15 patient because we had already opened the duo- 
sphincter, of Oddi and because we 
™ at the duet was firmly adherent to the duode- 
rT aU point where the anastomosis was made. 
• ' 1,"° sutures would have been necessary, but 

were taken to maintain fi.xation in case 
erance of the wall of the duct to the duodenal 
an was not solid. 

.rrativ e supportive measures and in four days was 
0 *"^*^^^ complaints then until five 

’ n s later, when he had a rather sudden onset of 
pjgastnc pain radiating to his back, associated with 
fever and jaundice. After several 
ajs m the hospital, with progression of the symptoms, 

raS^^ patient was suffering from 

,, severe suppurative cholangitis superimposed 
„ • ^ obstruction of the common duct which had 
o n returned. Operation was performed and the 
nd ^ drained. The pancreas was still 

and nodular but smaller than at the first 
irnk^ time .it was impossible to pass a 

. e into the duodenum through the sphincter of Oddi. 


Lirsi.sa sriLKosfs or bile duct 

-Ul m.nnifcstatioiis, including jaundice and fever, sub- 
sided within .-i few days following draniage of the 
common duct. However, during a period of two 
inonths’ observation, the .stools remained acholic. At 
the end of this time (Dec. 20, 1943), a laparotomy 
wa.s performed with the idea of anastomosing the com- 
tiinii duct to the ducKiciiuhi. This was accordingly 
dune. A complete stenosis of the terminal portion of 
the eiimmon duct was found ; the pancreas was hard, 
ncidiilnr. atrophic and about half the size of a normal 
p.nii re.-iv. For reasons to be discussed, a transduo- 
deii.nl ilioledoclioduodcnostomy was then done, as illus- 
trated in figure 4. Tliis was one of those occasions 
(ii.rumntely rather uncommon) when removal of *3 
divia-ed gallbladder failed to relieve an accompanying 
pancreatitiv 

.'Mtlii'iigli this patient had pancreatitis at tlic first 
operation, it was thought that the obstruction of the 
conimoii duct which he had had for two months prior 
In hiv initial entrance into the hospital was due to 
the viDiie in the common duct. Regardless of the cause 
Ilf the I ib.vt ruction, he had a slow rccoverj- for a few 
week* hccau.vc of persistence of the obstruction, but 
he did recover and remained free of symptoms for 
several weeks. The obstruction preceding his third, 
and last, operation was complete but only of two 
months’ duration. Since it was of such short duration, 
it is perhaps not accurate to consider this as a per- 
manent obstruction, but the fibrosis in the' region of 
the head of the pancreas was so' dense and accom- 
Iianied with so little edema that recovery oi patency 
of the common duct appeared entirely unlikely. 

THERAPy 

Complete permanent obstruction of the com- 
mon duct due to chronic pancreatitis is a diffi- 
cult lesion to treat but much less difficult than 
obstruction due to complete absence or destruc- 
tion of the common duct, because the remnant 
of common duct simplifies the operative proce- 
dures. When tlie obstruction is due to localized 
pancreatitis involving only the head of the pan- 
creas, the prognosis for spontaneous complete 
recover}' appears to be much better than when a 
generalized chronic sclerosing pancreatitis is pro- 
ducing a complete obstruction of more than tran- • 
sient type. Therefore, the customar}- operation 
of cholecystenterostomy for local pancreatitis in 
the head of the pancreas appears to be a logical 
procedure, particularly since, in our opinion at 
least,' the anastomosis will frequently remain 
open for only a few months, at the end of which 
time the pancreatitis usually subsides completely 
with relief of the obstruction. The operation of . 
cholecystenterostomy has one serious disadvan- 
tage — namely, development of cholecystitis and 
hepatitis as has been shown experimentally by 
W'angensteen “ and others. Food is bound to 
collect in the, gallbladder unless a type of anasto- 
mosis similar to that performed in case 2 (see 
figure 3) is performed. 

5. Wangensteen, O. H. ; Cholangitis Following 
Cholecystenterostomy, Ann. Surg. 87:34-65 (Jan.) 1928. 
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into the ascending colon. If the intussusception 
becomes compound, tlien the clinical picture is 
that of intestinal obstruction. 

The treatment of intussusception of the ap- 
pendix into itself is appendectomy. In the event 
of a completely intussuscepted appendix, the 
appendix is removed by resecting a small cuff 
of cecum which surrounds the base of the ap- 
pendix. The compound variety may be easily 
reduced, but if gangrenous, resection of a portion 
of the cecum and anastomosis of the ileum to 
the ascending or transverse colon are required. 

REPORT OF A C^SE 

A 45 year old bipara was seen by a physician three 
years prior to operation for severe pain of twelve hours’ 
duration in the right lower quadrant. The sudden acute 
pain was associated with nausea, vomiting and abdominal 
tenderness. Physical examination demonstrated tender- 
ness without spasm in the right lower quadrant, a normal 
uterus and normal vaults. Her white blood cell count 
was 22,500, blood pressure 96 systolic and 60 diastolic 
and pulse rate 64. The urine was normal. Her i)ain 
and tenderness subsided in fort 3 '-eight hours, and she 
was well imtil one month later, when a similar pain in 
the right lower quadrant of the abdomen occurred. 
During the next six months she was free of pain, and 
physical examination revealed no abnormalities on three 
occasions. Two years later the pain recurred, asso- 
dated with a slight fever. Su'Il later the patient rvas 
referred to us. We found nothing abnormal on abdomi- 
nal examination but an enlarged uterus. There was a 
large cj’Stic mass in the right vault. On Nov. 24, 1943, 
with the patient under nitrous oxide, oxj-gen and ether 
anesthesia, an appendectomy, total hysterectomy and 
bilateral salpingo-oophorectomy were performed. The 
appendix was short and broad, and the junction of the 
appendix and cecum was unusually wide, measuring 1.5 
cm. Because of its wide base, the appendix was re- 
moved between two Kocher clamps and the stump dosed 
with two rows of chromic surgical gut stitches. Both 
omries were destroyed by large endometriomas which 
were adherent to a uterus containing fibroids and also 
to the under surfaces of the broad ligaments. The 
patient made an uneventful recovery. 


The Specimen . — The distal half of the appendix had 
intussuscepted into the proximal half, and the invaginated 
rnucosal surface of the tip of the appendix was smooth 
and glistening and was not ulcerated. The inverted 
end filled the wide lumen of the appendix, and the tip 
lay almost at the junction of the appendix and the 
Cecum. In the accompanj-ing drawing the wide base of 
the appendix is illustrated, as is the relationship between 



Showing the wide base of the appendix and the rela- 
tionship between appendix and cecum. At lower right 
the slight dimple at the end of the appendix is shown. 

the cecum and the appendix. An end on Hew of the 
appendix is shown to demonstrate the slight dimple 
present, and on either side of the dimple there were 
bluish spots which were undoubtedly small endometri- 
omas. Because of the loss of the appendix before micro- 
scopic examination, the diagnosis of endometriosis cannot 
be substantiated. 

The first attack of pain, three years before 
Operation, was undoubtedl}' acute appendicitis. 
This inflammator)- process may well account for 
the subsequent development of the intussuscep- 
tion. The recurrence of the pain which neces- 
sitated further examination and operation in all 
probability was due to the intussusception, al- 
though the large endometriomas may have pla3'ed 
Some part in the production of the abdominal 
pain. 
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tissue (iisapiK'arciI. and the liasc of the lesion 
reti clean and sramdar. On September aO, eiqlit 
5 after pcmciUih therapy was instituted, the lesion 
completely healetl (fip. 1 B). 

i this ease ati acute ulcer with cxteusiyc 
luiary infection rcspnndccl well to local peni- 
j therapy. The arterial hloocl stipph- to the 
in was good and cpitheli;;atlon occurred 



'ig. 1 (case 1). — .d, appearance of th? ulcer at the 
dnning of penicillin therapy; B, appearance after 
atment for eight weeks. 




di^ 


fection. 
as a 

-ip- 


local applications of gentian violet medic' 
healed after seven months’ treatment. Shk 
to the hospital in February 1941, at which f. 
high ligation of the saphenous veins and \ ^ 
varicose^ veins were iverformed. She rctu^.'^ 
months 'later, the ulcer having recurred. T'.. 
treatment was given, and the ulcer healed in \ .^n 

weeks. She returned in June 1943 with an ulcer on 
the right leg and three ulcers on the left leg, which 
had been present for two months. The granulation tissue 
in the base of the lesions was covered with a layer of 
fihrinopurulcnt exudate (fig. 2.4 and C). Hemolytic 
Staph, aureus and Bacillus proteus organisms were 
grown from the surface. There were numerous vari- 
cose veins on both legs. .\ diagnosis of chronic stasis 
ulcers of the lower e.\tremitic5 was made. Penicillin 
dressings and Unna’s paste boots were applied and 
changed twice each week. Improvement was rapid, and 
clean granulation tissue appeared on the base of the 
ulcers. Witliin ten days, the small ulcers on the left 
leg were healed. .After seventeen days of treatment, the 
lesion on the right leg was healed. The larger ulcer 
on the left leg healed after forty-one days of treatment 
(fig. 2 D and D). 


The lesions in this case had been present for 
two months. There was e.xtensive infection, but 
rapid improvement was obtained with penicillin 
dressings. There was minimal fibrosis around 
the edges, and as soon as stasis and infection 
were corrected epithelization occurred rapidly. 
The previous ulcers had been treated with gen- 



Fig. 2 (case 2). — A, lesions on left leg at the beginning of penicillin therapy; B, lesions on left leg healed 
iter treatment for six weeks ; C, lesion on right leg at the beginning of penicillin therapy ; D. lesion on right 
eg healed after treatment for seventeen days. 


-apidl)- after the infection and stasis were cor- 
-ected. 

Case 2. — B. M., a 33 year old white woman, had 
recurrent ulcers of thirteen years’ duration on both legs. 
The first ulcer appeared after pregnanej- and persisted 
for four years. She was examined at Duke Hospital 
in June 1940, and at that time there was a chronic 
ulcer which had been present for ten months on her 
left leg. She was treated with Unna’s paste boots and 


tian violet medicinal, and they healed after 
periods of seven months and eighteen weeks, 
respectively. Better results were obtained with 
penicillin. 

Case 3. — E. ilcL., a 36 year old Kegro woman, had 
recurrent ulcers on her left leg for three years. She 
was examined at Duke Hospital in June l'943, and at 
that time there were two infected ulcers on the medial 
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encroachment on the brain, resulting in severe 
neurologic symptoms. An unusually good re- 
sult followed surgical treatment in which lami- 
nectomy and suboccipital decompression were 
done. 

A' euro fibromatosis and Osteitis Fibrosa Cys- 
tica. — In an excellent article Thannhauser ® 
manifests interest in these conditions. Informa- 
tion continues to be added to the knowledge of 
tliem, though in tlieir essential clinical features 
the}" are much the same as von Recklinghausen 
described them. Even he referred to cases with 
identical features reported by previous authors. 
The French school, led by P. Marie and H. 
Bernard, added to the syndrome the pigmentary' 
anomalies of the skin, while the German,* English 
and American literature added the visceral and 
the osseous changes. Mandl contributed a great 
advancement in knowledge' when he described 
extirpation of an adenomatous parathyroid gland 
from a patient suffering from osteitis fibrosa 
cystica. ICnowledge was also added by the phy's- 
iologic studies of Collip. 

Thannhauser clarifies the pathogenesis of 
osteitis fibrosa cystica localisata and disseminata 
(von Recklinghausen) and demonstrates that 
under the heading of osteitis fibrosa cystica 
Recklinghausen t^vo etiologically different en- 
tities are reported; Osteitis fibrosa cy'stica dis- 
seminata is shov'n to be related by its clinical 
and histologic features to neurofibromatosis 
(Recklinghausen) ; hyperparathyroidism with re- 
sulting fibrocystic lesions of bone is primarily' 
caused by hyperfunction or adenoma of one or 
both parathj'roids. 

Coburn ® emphasizes that in cases of para- 
thyroid adenoma the diagnosis is often over- 
looked and states that this is regrettable because 
of the brilliant results from early extirpation. 
He reports a case in detail in which symptoms 
were manifest over a period of fifteen years. 

Ordinarily, after remoral of a parathyroid 
adenoma, tlie skeleton lesions recalcify. Voltz 
and Smull • report a case, however, in which 
in five postoperative years this failed to occur, 
though there was no recurrence of hyperpara- 
thyroidism. 

5. Thannhauser, S. J. ; Neurofibromatosis (von 
Recklinghausen) and Osteitis Fibrosa Cj’stica Locali- 
sata ct Disseminata (von Recklinghausen), Medicine 
23:105-149 (May) 1944. 

6. Coburn, D. E. : Severe Osteitis Fibrosa Cystica 
with Parathvroid Tumor, Am. J. Surg. 66:252-258 
(Nov.) 1944. 

7. \'oltz, C. P., and Smull, K'. : Hj-perparathyroidism 
with Failure to Recalcify After Removal of Parathyroid 
Adenoma (A Case Report), Ann. Int. ''cd. 21:329-332 
(.■}ug.) 1944. 


Alexander, Pemberton, Kepler and Broders ” 
summarize completely most of the knowledge 
of parathyroid tumors to date. They report 14 
cases and lay stress on the widely divergent 
clinical pictures. It is brought out that the 
changes in bone appear to be an index more 
of duration than of severity. 

Osteomalacia. — Ghormley and Hinchey ° sug- 
gest the use of aluminum acetate in treatment 
of malacic bone diseases. They present clinical 
cases of improvement in symptoms and roent- 
genologic evidence of increase in calcification as 
justification for its clinical trial and as a stimulus 
to research. A high percentage of improvement 
was noted in cases of osteoporosis, osteitis de- 
formans, osteitis fibrosa and osteogenesis im- 
perfecta. 

The incidence of renal lithiasis in this series 
was 60 per cent. In 13, or 92.8 per cent, of 
the cases, the tumor showed cv'tologic evidence 
of malignancy. The malignant nature of the 
tumors makes complete removal imperative, ac- 
cording to the authors. It is therefore not 
advisable to leave tissue to avoid tetany, as this 
condition can be controlled with calcium and 
vitamin D. 

Fibrous Dysplasia of Bones (Albright Syn- 
drome). — Dod<ert}', Meyerding and Wallace^" 
report the thirt}'-fourth case in the literature 
since the description of fibrous dysplasia of bones 
in 1937 by Albright. In the case presented 
there was the characteristic triad of rather dis- 
sociated manifestations, consisting in dissemi- 
nated fibrosis of bone, patchy cutaneous pigmenta- 
tion and precocious puberty in females. 

Osteogenesis Imperfecta. — For some time, dis- 
cussion has centered around the question as to 
whether osteogenesis imperfecta (Vrolik), in 
which there are intrauterine fractures, differs 
from the Lobstein type, in which only postnatal 
fractures occur. Rosenbaum reports cases of 
the two types in the same family, tending to 
disprove the duality of the syndromes as pro- 
pounded by Glanzmann. In addition, he found 

8. Ale.vander, H. B. ; Pernberton, J. dej. ; Kepler, 

E. J., and Broders, A.. C. : Functional Parathyroid 
Tumors and Hj-perparathvroidism, Am. T. Surg. 65: 
157-188 (Aug.) 1944. 

9. Ghormley, R. K., and Hinchey, J. J. : The Use of 
Aluminum Acetate in the Treatment of lifalacic Dis- 
eases of Bone, J. Bone & Joint Surg. 26:811-817 
(Oct.) 1944. 

10. Dockerty, M. D. ; Meyerding, H. W., and Wallace, 

G. T.: .Albright Syndrome (Fibrous Dysplasia of Bones, 
with Cutaneous Pigmentation in Both Sexes and 
Gonadal Dvsfunction in Females), Proc. Staff Meet. 
Mayo Clin. 19:81-88 (Feb. 23) 1944. 

11. Rosenbaum, S.: Osteogenesis Imperfecta and 
Osteopsathyrosis, J. 'Pediat. 25:161-167 (.Aug.) 1944. 
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ii]->cd ill tills rccion ami faileii to licnl. W'itliin 
iiiontlis after injury, two other ulcers developed, 
■neats infection was suspected, and tlie (xatient was 
1 numerous roentgen ray treatnicnts over the lower 
Tliis resulted in pronounced induration and fihrosis 
ic skin over the entire leg. Xurncrotis ointments 
used locally, and clastic stockings were worn to 
cut stasis, hut the ulcers failed to heal. He was 
seen at Duke Hospital on July 26. 19-1-1. and cxaiiii- 
.111 revc.alcd four ulcerations varying from 0.5 to 5 
in diameter over the anterior surface of the left leg. 
y Were surrounded by • extensive fihrosis. and the 
■uilation tissue was covered with fihrinopurulent 
'^^tc (fig. 10 A). Hemolytic Staph, aureus organisms 
grown from the surface of the ulccr.s. .-V Wasscr- 
ui test elicited a negative reaction. Pathologic section 
i biopsy specimen taken from the edge of the largest 
ir revealed ehronic nonspecific inflammation. Xo 
gtis organisms were seen. A diagnosis of chronic 
is ulcers was made. The patient refused operation, 
licillin dressing and an Uiina paste boot were applied 
I changed weekly. There was rapid improvement. 

small ulcer at the lower end of the leg healed in 
- week, the lesion on the. upper part of the leg healing 
three weeks. The two ulcers in the center healed 
eh more slowly. The small lesion healed in four 
nths, and the larger one had not completely healed 
er eight months’ treatment. .-Vnothcr small ulcer 
jsequently appeared after eczematoid dermatitis. Fig- 
10 shows the condition of ihe large ulcer after 
oeriod of eight months’ treatment. Little infection 
IS present, but the granulation tissue was scanty be- 
u.e of poor arterial blood supply. 

This case is similar to the one previously 
esented. The infection cleared rapidh' after 
■oicillin was applied, and it is thought that slow 
■ ing was due to poor arterial blood supplj’. 
: iative treatment in such cases is not satis- 

COMMENT 

The management of chronic stasis ulcers of 
c lower extremities is difficult.- Palliative 
^c.tment is justified in some cases, and the 
jds used for the ambulatory patient consist 
f elastic support of the extremity to relieve the 
enous hydrostatic pressure and topical applica- 


tion of a h.actcrio.static agent to combat infection. 
In 10 cases penicillin was used topically as a 
Ijactcriostatic agent. Elastic support 'was sup- 
jilicd to the e.xtremity by application of Unna’s 
paste boots. The local infection in all cases sub- 
sided rapidly after the application of penicillin. 
Penicillin ajipeared to be far superior to other 
bacteriostatic agents in cases in which there had 
been previous treatment. The infection was 
controlled more readily when the dressings were 
changed twice each week. This was probably 
due to the fact that penicillin loses its strength 
after being at body temperature for several hours. 
Rapid healing occurred in 5 cases of earl}- ulcera- 
tion in which there was minimal fibrosis around 
the edges and good arterial blood supply. The 
time required for healing in these cases varied 
from ten da}-s- to ten weeks. In 1 case the 
patient failed to return for treatment until the 
lesion was healed, but when she was last seen 
the infection was under control and epitheliza- 
tion was occurring rapidly. Healing in the other 
4 cases was slow, although the infection was 
under control. This was thought to be due to 
poor arterial blood supply. It is my opinion 
that in such cases treatment should be radical 
e.xcision of the ulcer and covering of the defect 
with a skin graft, unless operation is contra- 
indicated. 

CO.XCLUSIONS 

The secondary infection in chronic stasis ul- 
cers responds readily to topical applications of 
penicillin. It is thought to be superior to other . 
bacteriostatic agents that are generally used 
for this purpose. In the early stages rapid heal- 
ing occurs when the infection and stasis are 
controlled. Healing is delayed in the cases of 
chronic ulceration because of extensive fibrosis 
of the edges and poor arterial blood supply. 
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Holm calls attention to the lines formed in 
• growing bones as a result of phosphorus poison- 
ing and shows by. roentgenograms that they 
may last a lifetime.- 

Ugauieiits, Muscles and Tendons. — ^Kuhns-® 
points out that ligamentous weakness is present 
and easily discernible -as a clinical entity in 10 
per cent of children but that ligamentous tight- 
ness is also present in many and has received 
scant attention. Tightness is found more fre- 
quently in the hamstring and back areas. 

Goldberg and Comstock®* emphasize the dif- 
ferential diagnosis of herniations of muscle 
obser^'ed in the legs from lipoma, hematoma, 
tuberculosis, pseudo hernia and varices. A case 
of multiple small hernias of the tibialis anterior 
muscles of both legs is presented. 

In an analysis of 190 cases of chronic non- 
specific tenos^Tiovitis and peritendinitis, Lips- 
comb ®® feels that trauma is in most instances 
the etiologic factor. The pathologic changes 
are reviewed, and his opinion is that they differ 
only in degree and depend on the duration of 
the disease primarily. Consen-ative treatment 
consisting in splinting and roentgen ray ther- 
apy is adHsed, and if improvement does not 
occur surgical intervention is indicated. 

19. Holm, O. F. : Beitrag zur Kenntnis der Entstehung 
der Phosphorsklerose, Acta radiol. 23:549-561, 1942. 

20. Kuhns, J. G. : Tightness of Ligamentous Struc- 
tures, Arch. Pediat. 61:179-183 (April) 1944. 

21. Goldberg, H. C., and Comstock, G. W.: Her- 
niation of Muscles of the Legs, War Med. 5:365-367 
(June) 1944. 

22. Lipscomb, P. R. : Chronic Nonspecific Tenosyno- 
vitis and Peritendinitis, S. Clin. North America 24: 
780-797 (Aug.) 1944. 


Osteochondritis. — Uhr}' presents an inter- 
esting review of 79 cases of osteochondrosis of the 
tuberosit}' of the tibia (Osgood-Schlatter’s dis- 
ease) and defends the original ideas of the per- 
sons first describing the condition in which the 
disorder develops as a result of minor separation 
of the structures of the tibial tubercle and the 
patellar ligament. The author believes that the 
characteristic pathologic changes represent callus 
repair at the site of separation. He feels that 
osteochondritis as such (that is. inflammation) 
is not in evidence. The immediate instigating 
factor is consistently trauma. 

Sttdeck’s Atrophy. — Buchman reports an 
interesting case of Sudeck’s atroph}' following 
a single minor surgical procedure for explora- 
tion of a tendon sheath. The surgical treat- 
ment was followed by severe symptoms, partially 
relieved by injection of procaine hydrochloride 
after lack of response to usual methods of treat- 
ment. 

Abuse of Bed Rest. — Since this article will 
probably not come within the purview of the 
editors of other sections of “Progress in Ortho- 
pedic Surgerj-,” it is felt that it should be men- 
tioned here. Ghormley sounds a keynote of 
change from the emphasis placed on rest by 
Hugh Owen Thomas and cites the many dis- 
advantages of rest as compared with early 
activity in the orthopedic field. 

23. Uhrv, E., Jr. : Osgood-Schlatter Disease, Arch. 
Surg. 48:406-414 (May) 1944. 

24. Buchman, J. : Postoperative Post-Traumatic 
Osteoporosis or Sudeck’s Atrophv, Bull. Hosp. Joint 
Dis. 4:55-61 (Oct) 1943. 

25. Ghormley, R. K. : Abuse of Rest in Bed in Ortho- 
pedic Surgeo’, J. -A.. M. A. 125:1085-1087 (.Aug. 19) 
1944. 


II. CONGENITAI, DEFORMITIES 
PREPARED BY J. HIRAM KITE, M.D., .VltAKTA, GA. 


For several years I have begun this section 
on “congenital deformities” with a description 
of the experiments conducted by Josef Warkany. 
Each 3’ear he and his workers have given addi- 
tional information on the cause of some of the 
congenital deformities. This past year has 
■ brought information on how to prevent de- 
. formities. 

In times past, various authors have attributed 
congenital malformations to a maternal nutri- 
tional deficienc)-. Warkany and Schraffenber- 
ger,®® after establishing a set pattern of deformi- 
r' ties which follow what they call diet I, made 

■ 26. Warkany, J., and Schraffenberger, E. : Con- 

genital Malformations Induced in Rats by Sfatemal 
. Nutritional Deficiency, J. Nutrition 27:477 (June) 1944. 


various additions to the diet, trjdng to prevent 
deformities. The}' found first that 2 per cent 
pig liver would prevent deformities. A search 
was made for the preventive factor in pig liver. 
After studv'ing hundreds of litters of rats, the}- 
give the following conclusions : 

The congenital malformations of the pattern of 
diet I are prevented when the maternal diet I 
is supplemented by riboflavin. Supplements of 
thiamine hydrochloride, nicotinic acid, pyridoxine 
and calcium pantothenate are not preventive. 
With a purified maternal ^iet in which the vita- 
min B complex is represented by cr}-stalline sub- 
stances, malformations of the pattern of diet I 
appear in the offspring when riboflavin is 
omitted. On the same diet supplemented by 
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Of-i'ralioit . — A thoracotomy on the left side with the 
patient under cndotracheally induced oxygen and ether 
anestliesia was made, and the clicst was opened through 
the ninth interspace. There was no damage to the lung 
or diaphragm, hut the base of the lung was firmly 
adliercnt to the diapliragm. 

A large incision was made into the tibdominal cavity 
through the diaphragm. A large amount of blood and 
clot was found within the altdominal cavity. The 
spleen, wliich was about three times its normal size, 
was bleeding profusely from a complete tear tlirough 
the lower pole and several fractures near the hilus. The 
spleen was extremely friable and was attached in many 
places. It was freed from the surrounding structures, 
and the pedicle was clamped, divided and ligated with 
no. 2 chromic surgical gut. The stomach and colon 
were found to be normal. The diaphragm was closed 
in layers with 0 chromic surgical gut. The chest wall 
was closed in layers with 0 chromic surgical gut. One 
drain was placed into the chest at the posterior costo- 
phrenic angle and sealed under water. The immediate 
postoperative condition was good. 

Pathologic Report . — Description of Tissue: The speci- 
men consisted of a spleen measuring 20 by 16 by 5 cm. 
and weighing 600 Gm. The hilar surface showed a 
stellate tear with transcapsular rupture of the spleen. 
A small piece of spleen, measuring 4 by S by 2.5 cm., 
arrived separate — apparently it had been tom from the 
main substance of the spleen. 

Microscopic Observations : Sections were composed 
of splenic tissue showing e\-idaices of hemorrhage, par- 
ticularly beneath the capsule in one area. The mal- 
pighian follicles appeared to be increased in number 
and size. . An increase of the reticuloendothelial cells 
was present both in the follicles and in the sinuses. 
A large number of reddish browi pigmented cells were 


present.. Impression smears of'the fresh splenic tissue 
stained with Wright's stain revealed the presence of 
P. vivax. 

Chief Diagnosis . — The injury was diagnosed as trans- 
capsular rupture of a malarial spleen. 

Subsequent Course . — A duodenal tube was used for 
twenty-four hours and 1,000 cc. of blood was giv^n to 
tlic patient on the first postoperative day. He was 
given a full diet on the third postoperative day. The 
intercostal catheter was removed on the fifth day, and 
the patient was out of bed on the eighth day. .Active 
antimalarial therapy was carried out during conva- 
lescence, and a blood smear was negative for parasites 
when the patient was transferred to an Italian hospital, 
on the tenth day, for further convalescence. 

CO.M.MENT 

This was our first experience with the trans- 
tlioracic route for an injurt' known to involve 
exclusively an intra-abdominal organ. This ap- 
proach was chosen deliberately, and we feel the 
choice to be justified both b}' the ease of removal 
and b}- the smooth and rapid convalescence. It 
was the operator’s opinion that the use of an 
abdominal incision would have made splenectomt- 
more difficult. Before the war we witnessed the 
removal of malarial spleens b}' the abdominal 
route and were impressed by the difficulties 
encountered. It is also of interest that the diag- 
nosis of malarial involvement of the spleen was 
made preoperativelj-. 
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.att, Zcldes and Goodfriend.^'’ They pointed 
it tliat in 1927 Fairbank described "stippled 
liphyses” associated with dwarfism, but he 
iled to recognize thyroid deficiency as the basis 
; the disturbance. Ten years later Reilly and 
mythe described 5 similar cases, designating the 
Jndition as “cretinoid epiphysial dysgenesis.” 
IcCullough and Sutherland in 1940 described 

- tippled epiphyses in a dwarf in whom there was 
-0 sign of In'pothyroidism and used the term 

- repipltysial dysplasia puncticularis” to designate 
. - he skeletal change. ■\\'ilkins, who found bilateral 

- opiplwsial dj'sgenesis in 23 of 25 children with 

- h'pothjToidism, said that he had never seen true 
'iysgenesis in any type of dwarfism other than 

.^at occurring with hypothyroidism. 

: In roentgenograms epiphysial dysgenesis is 
diagnosed by tlie appearance of multiple small 
rregular islets of calcification, scattered over a 
considerable area. The islets are irregularly 
•spaced, and the anatomic distribution does not 
. conform to tlrat of the normal centers of ossifi- 

- cation. As the islets grow larger or as new 
ones occur, tliey appear to coalesce and give the 
itnpression of a single large center which has 

‘idergone fragmentation. The defect' is appar- 
ently due to an abnormality of endochondral 
ossification. 

Roentgenologically, epiphysial dysgenesis may 
be confused with osteochondritis deformans. 
However, the latter usualty occurs in epiphyses 
which previous!}' have appeared normal on 
roentgen examination. Furthermore, osteo- 
chondritis deformans (Legg-Calve Perthe’s dis- 
. ease, Osgood-Schlatter disease) is usually uni- 
, lateral, occurring most frequently in only one 
epiphysis. It is generally accompanied Avith 
pain and does not respond to thyroid therapy. 

[Ed. Note (L. D. B.). — Osteochondritis or 
osteochondrosis is frequently bilateral.] 
-'Achondroplasia fetalis may be confused with 
cretinism clinically, but the latter may be differ- 
, entiated by the unique deformities of the me- 
. taphyses and shafts of the long bones and the 
. grossly abnormal shapes of the epiphyses. 

Carl Badgley advances the theor}- that the 
, patlrogenesis of the multiple deformities occur- 
ring in arthrogr}’posis multiplex congenita may 
best be explained on the basis of arrest of 
embr}-onic development. A primar}' pathologic 
.change of the muscle, which has been proved 

^ > Zeldes, M., and Goodfriend, J. : 

. Epiphysial Dysgenesis Associated witli Cretinism in a 
/Premature Infant, Am. J. Dis. Child. 67:4S0 (June) 
1944. 

31. Badgley, C. E.: Reliabilitation in Cases of 
/"Arthrogrj'posis Multiplex Congenita, Arch. Phys. 
; Pherapy 24:733 (Dec.) 1943. 


inherent in lambs but which is of unknown 
origin in human beings, can well be the causative 
factor of this arrest. The normal rotation of 
the limb buds, an intrinsic characteristic of the 
human fetus, is carried out by the muscles of the 
extremity. The loss of muscle function arrests 
or prevents this rotation. The resultant club 
feet, club hands and postural deformities are the 
retained posture normal for the 3 month fetus 
but arrested from rotation into the characteristic 
human attitude. The rigidity of the joints is 
similarly the result of failure of muscle fimction, 
preventing normal fetal motion in otherwise nor- 
mally developing joints! 

Correction of the deformities by release opera- 
tions to reestablish mobility and to continue 
rotation of the extremities to the normal posture 
of mature human extremities is the aim of ther- 
apy. The muscular damage is of course irrep- 
arable, but pronounced improvement in function 
" can be obtained. Early treatment, with early 
operative correction of the deformities if neces- 
sary, is advised. 

[Ed. Note (L. D. B.). — Attempts at cor- 
recting arthrogryposis deformities are sometimes 
most discouraging.] 

Lyons and Sa^\•}•er report a case of cleido- 
cranial dysostosis in a veteran of World War I. 
They say that cleidocranial dysostosis is a com- 
paratively rare congenital defect of the bony 
skeleton. Less than 100 cases have been reported 
in the literature. It is a s}Tidrome in which the 
chief characteristic observation is a complete or 
partial absence of one or both clavicles. As so 
often happens, when one congenital defect is 
found in the body, another may also be found. 
In this condition one of the more constant defects 
accompam'ing that of'the claHcles is a variation 
in the development of the bones of the skull. 
Barlow in 1883 reported a case of congenital 
absence of the clavicles and malformation of the 
cranium in a girl aged 2 years, probably the 
first t}-pical case described. In 1897 Marie and 
Sainton reported 4 cases and applied the term 
"hereditar}- cleidocranial dysostosis” to the 
anomaly s}'ndrome. Fitchet in 1929 made a 
complete survey of all reported cases in the 
literature. He stated that the chief features of 
this syndrome are grouped under four headings 
as follows: aplasia, more or less pronounced, of 
tlie clavicles; exaggerated development of the 
transverse diameter of the cranium ; delay in the 
ossification of tlie fontanels, and hereditary trans- 
mission. Fitchet expressed the belief that the 
term “hereditaiy cleidocranial dysostosis” should 
be discontinued and “congenital cleidal dysos- 

32. Lyons, C G., and Sawyer, J. G.: Qeidocranial 
Dysostosis, Am. J. RoentgenoL .51:215 (Feb.) 1944. 
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Blood Volume Studies : Studies of blood vol- 
ume ^vere made only for dog 239. The results 
are shown in table 8 and discussed in connection 
with those of group 2. 

Table 3. — Changes in Red Ceil I'chtine and Oxygen Con- 
tent (in per Cent of the Control I'alucs) oj 
U'hole Blood front Representathe 
Dogs of Group 1 


Experi 


Time 

After 

Or Content, 

Coll m>I/I.ltcr 0:11 

Os 

inent 

Sample 

Section, 

Volume. of Volume, 

Content, 

Xo. 

No. 

Hr. 

•-£ BIooJ AVc 

ATc 


Control 

0 

52.5 P.IS 


(Series 

\) 2 

1 

—21.2 

—20.4 


a 

3 

— 2S.2 

~ 


i 

« 

—29.9 

—23.1 


5 

12 

--33.3 

— IG.l 


C 

22,5 

.... .... —25.7 

—24.4 


7 

2S.5 

—20.3 

—23.7 

2S0 

Control 

0 

4T.S S.91 


(Series B) 2 

1 

—Hi) 

+ 2.7 

, 

3 

s 

—15.9 

— U.7 


4 

C 

— 14.S 

— OS 


5 

12 

n 



C 

23 

.... .... — t.« 

-rlO.3 


control values with those following the cutting 
of the cord, the results have been expressed in 
per cent change of the original concentration 
(a H-O, a Cl, etc.). The concentration of water 
and electrolytes in the red cells was calculated 
from the analysis of whole blood. When the 
values obtained after cutting of the cord are com- 
pared with the control values, the most significant 
dififerences found are the lowered serum protein 
and carbon dioxide content and the decreases in 
the cell volume and o.xygen content. 

In table 5 the analyses of skeletal muscle, liver 
and skin from dog 239 are given. It is note- 
worthy that the total water content of the tissues 
anah’zed did not decrease but remained within 
limits of normal values. In the muscle, there 
was a decrease in the extracellular fluids asso- 
ciated with a swelling of the muscle cells. This 
is an instance of dehydration in the sense that 
the extracellular phase has been diminished. The 


Table 4. — Changes in Il'ater, Electrolytes and Protein Concentrations (in per Cent of the Control Values) in the 
Serum and Erythrocytes of Two Representative Dogs from Scries A and B of Group 1 Follcrwing 

Experimental Section of the Spinal Cord 
Values are expressed In units per liter. 


Time 


Experi- 


After 

Serum 


Total 







Total 

ment 

Sample 

Section, 

or 


CO 2 , 

mM 

HrO, 

Cl. 

N’a, 

K, 

Ca, 

ilff. 

Protein, 

N'o. 

N'o. 

Hr. 

Cells 

PH 

Gm. 

mil 

rail 

mM 

mM 

mil 

Gm. 

2S9, 

Series A 

Control 

0 

Serum 

7.3S 

15.C7 

932.6 

114.1 

341.5 

3.67 

2.65 

l.C-3 

61.1 






A Sc 

A Sc 

A-Tc 

ASc 

ASc 

ASc 

ASc 

ASc 


2 

1 



-rl4.12 

-1-0.41 

^1.23 

t0.21 

—7.36 

-r6.79 

—8.74 

—11.61 


3 

3 



-i-20.S3 

-1-1.19 

-O.CO 

—1.90 

—7.36 

-rll.33 

— 3.S9 

—9.66 


4 

C 


_ 

-^26.20 

-1-1.17 

—2.28 

—4.44 

— 15.S0 

-i-5.€C 

-f-2.91 

—9.17 



12 


— 

-rlT.SS 

-fO.S3 

2.72 

—4.72 

—14.45 

-1-9.44 

4-11.65 

— U.61 


C 

22.5 


^0.05 

+ 8.17 

-fO.S9 

.>,72 

—3.46 

—13.07 

-1-33.96 

4-21.39 

—13.25 


7 

28.5 


-0.01 

— 5.05 

-i-0.27 

—2.28 

—4.72 

—3.0 

4-22.65 

4-23.30 

—16.35 







Gm. 

mil 

mM 

mil 





Control 


Erythro- 

cytes 



729.0 

69.4 

303.3 

9.CC 
















A Sc 

ASc 

A 

ASc 





o 





—2.33 

— 3S.4 

—18.3 

—12.5 





3 

3 




—3.71 

— 12.S 

— 3.2 

—15.8 










—2.61 

—17.0 

— 9.8 

-“20.5 






12 

22.5 

25.5 




—0.96 

—17.0 

— 4.8 

-fU.3 









—1.65 

—11.5 

—20.3 

—11.0 









— 0i)6 

Gm. 

— is.o 

00 «j 

—10.2 







PB 

rail 

rail 

mM 

mM 

mM 

mil 

Gm. 

230, 

Control 

0 

Serum 

7.40 



935.7 

110.7 

147.7 

3.52 

2.66 

0.90 

63.2 

Series B 

2 

1 



21.33 









• 



A± 

A% 

ASc 

ASc 

ASc 

ASc 

ASc 

ASc 

ASc 


2 

1 


—0,06 

— 

-hlJO 

-3.16 

— 2.PS 

-f4J9 

— 

— 

—11.55 


3 

3 


J-0.02 

-h 10.02 

-M.20 

-^23.3 

—3.66 

— ll.CO 

— 

— 

—15.20 


4 

6 






•i-0.95 

-2.26 

—4.34 

-rl9.37 

- 


— 17.55 


5 

12 






-fO.97 

-1-0.45 

— 3 . 1 s 

^42.4 


— 

—10.29 


C 

23 


-f0.02 

— 

-^0.50 

-1-1.36 

—4.81 

-1-59.7 

— 

— 

— 6.05 







Gm. 

mil 

mM 

mM 





Control 


Erythro- 

cytes 



TlOiJ 

€5.7 

301.7 

10.47 
















AVc 

ASc 

ASc 

ASc 










— O.SO 
—1.00 

-1.50 

—19.38 

-fl.60 










—8.40 

— 1.4S 

-f3.10 










2.52 

—0.31 

-^0.15 

-f 13,09 

-{-8.00 






12 

23 




—3.45 

—9.54 

-^4.33 





C 




—5.44 

—16.20 

—35.95 

-1-10.05 





Electrolyte, Water and Protein Content of 
Serum, Erj'throcytes and Tissues: In tables 3. 
4 and 5 are presented the values in detail of 
electrolyte, water and protein content of serum, 
ery'throc 3 nes and tissues for 2 representative dogs 
of this group. To facilitate comparison of the 


circulatory space, as determined b}^ hemoglobin 
methods in the muscle, was 92 cc. per kilogram, 
which is more than the mean average -value of 
71 cc. for muscle from normal do_gs. This mav- 
indicate either a trapping of eiythrocj'tes in the 
tissue or else a sluggish flowing of blood into 
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Jell and Grice, from Boston, describe 
'ther modification of the Denis Browne splint 
the treatment of congenital club feet. They 
’e a splint which is narrower in the heel and 
the foot better and is also arched to prevent 
ker bottom. They have made an improve- 
nt in the method of strapping the foot to the 
■te. They give the following summar}- : 

During the treatment of 53 patients with 
complicated congenital talipes equinovarus 
th the modified Denis Browne splint, several 
iinements in technic have been evolved to meet 
rious problems, such as pressure sores, derma- 
is, incomplete correction, persistent equinus 
formity, loss of longitudinal arch and unilateral 
•iomiity. These refinements are described, 
access of this method depends on the accuracy 
ith which the foot is fixed to the splint. If 
■operly applied, the splints will allow correction 

37. Bell, J. F., and Grice, D. S.: Treatment of Con- 
mital Talipes Equinovarus with the Modified Denis 
rowne Splint, J. Bone S: Joint Surg. 26:799 (Oct.) 


of tlie varus deformiU' and yet will maintain the 
longitudinal arch while obtaining full correction 
of the equinus deformitj*. Recurrence of the 
deformitj' is a constant threat, but this tendenc}' 
is minimized by complete correction early and 
tiien b}' continued use of the splint intermittently, 
at least until the child begins to walk. 

[Ed. Note (J. H. K.). — For the last two 
years I have commented at length on my experi- 
ences with the Denis Browne splint. Briefly, I 
have obtained better results with plaster. I have 
tried the method of strapping mentioned bj- the 
author and feel that it is an improvement. 
Denis Browne says that he has made more than 
fifty modifications of the splint. Still more may 
be expected.] 

[Ed. Note (L. D. B.). — I have seen Grice 
apply the modified splint and have seen several 
of the patients. The splint and the method of 
applying the adhesive are great improvements in 
the Denis Browne technic, and any one using 
splint therapy should adopt these modifications.] 


III. TUMORS OF BOXE AND OF SyN0\7AL MEMBRANE 
PREP.^RBU BV HEXRY W. MEYERDIXG, M.B., ROCHESTER, illXX, 


A. Classification of Tumors of Bone. — Brach- 
tto-Brian presents a classification adopted by 
he “Comite para el Estudio de los Tumores 
Dseos’’ of the Associacion Argentina de Cirugia. 


He discusses various phases and believes that the 
classification should be based on the type of tissue 
affected, since different cells would originate dif- 
ferent neoplasms. The classification is as follows : 


A. Tamois ol the sieletal 
sector 


reticolo- 

enaothebal sector 


C. Tiunors of the hemato- 
poietic sector 

D. Tumors of the vasculo- 
connectiTe sector 


Genetic Cells 

^veoplasms Originated 


Xames of Tumors 

Osteoblast 

I. Osteoblastoma 

Benign 

Malignant 

Osteoma 

Osteosarcoma; osteogenic 




sarcoma 

Cbondroblast 

II. Chondroblastoma 

Benign 

Malignant 

Chondroma 

Chondrosarcoma 

Myeloplas 

III. Myeloplaxoma 

Benign 

Malignant 

Giant cell tumor 

Mesoblast 

Histiocyte 

Beiiculoblast 

IT. Beticuloblastoma 

Benign 

Malignant 

Eeticulosarcoma 

Ewing's sarcoma 

Angioblast 

Mesoblast 

Hemoblstioblast 

T. Myeloblastoma 


Kahler’s disease; myeloma 

Hemocytoblast 

Mesoblast 

Kbroma and so forth 

Benign 


Fibroblast 

Angioblast 

Til. Osteosarcoma 

Mab'gnant 



.In the following tabulation these seven groups of neoplasms are represented with their varieties: 


01 the skeletal 




B. Tumors of tbe reticu]o* 
cndotheUal sector 


I. Osteoblastoma 

Benign 


Malignant 

H. Chondroblastoma 

Benign 


Malignant 

TTT Mreloplaxoma 


IT. Beticuloblastoma 

Benign 


Malignant 


1. Benign osteoblastoma of tbe substantia si>ongioEa 

2. Benign sderosing osteoblastoma 

3. Benign cbondro-osteoblastoma 

1 . Malignant osteogenic osteoblastoma 

2 . Malignant osteogenic osteoblastoma with myeloplaxes 

3. Secondary malignant osteogenic osteoblastoma 

4. Joitaconjugal malignant osteogenic osteoblastoma 

5. Telangiectatic malignant osteogenic osteoblastoma 

1. Chondroblastoma 

2. Chondromyxoblastoma 

1. Malignant chondroblastoma 

1. Benign myeloplaxoma 

2. Malignant myeloplaxoma 

1. Localized retlculoendothelioma 

1. Undiflercntiated reticclosarcoma 

2. differentiated retlculosarcoma 


38. Brachetto-Brian, D. : La clasificacion adoptada abstracted. Arch, cubanos cancerol. 3:19-26 (Jau.- 
u el comite para el estudio de los tumores oseos. ^larch) 19-44. 

Vensa mcd. argent 28:2185-2190 (Nov. 19) 1941; 
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In dog 239, group 1. at tlie end of six and 
one-half hours, the extreme reduction of red 
cell mass was accompanied with a less noticeable 
reduction in plasma volume. 

Electrolyte, Water and Protein Content of 
Senun and Erythrocytes : In tables 9 and 10 are 
presented tlie analytic and calculated ejata in de- 
tail relating to the electrolyte, water and protein 
content of the serum and the erythrocytes for 3 
representative experiments from the second group 
of animals. Since the \'alues for the two groups 
are similar, they are considered here together. In 
group 2. as in group 1, the significant changes 
found in the blood were the lowered serum pro- 
tein content and the decreases in the cell volume 
and oxygen content. These alterations indicate 
hemodilution, which might have been a result of 
the entrance of extracellular or intracellular water 
from elsewhere in the body. The\' were not the 
result of extensive loss of blood during section 
of the cord. The plasma volume was not increased 
for a number of hours following the operation, 
which suggests that interstitial fluid had not en- 
tered the circulating system. This deviation may 
be a result of either the trapping of red cells or 
the collapsing of blood vessels because of the 
prevailing low blood pressure, large numbers of 
red cells being retained thereby-, as evidenced 
by a greatly decreased cell volume. Such 
action would be expected to decrease the 
original blood volume. This was verified experi- 
mentally. ’If interstitial fluid had entered the now 
decreased vascular system, the tissues of the body 
should have become dehydrated. On the con- 
trary', skeletal muscle, liver and skin did not 
change in total water content. Even if some in- 
terstitial fluid did enter the vascular system, it 
was not enough to account for the lessened pro- 
teins; therefore, the most likely way' to account 
for this change was that some protein must have 
been lost through the vascular membranes. It 
is to be noted that the serum water values 
never decreased very much. In a number of 
animals the serum water increased from 1 to 2 
per cent and was accompanied with a loss of 
water from the red cells, which were attempting 
to restore osmotic equilibrium. 

In all experiments the changes in serum sodium 
and chloride concentrations were small. This ob- 
servation holds for the red cells, too, except for 
dog 239, in group 1, in which the cell chloride 
and sodium concentrations decreased sharply. 
The decrease in chloride could result in part from 
the low carbon dioxide tension existing in the 
serum of this animal. The chloride was not de- 
creased from excretion in the urine, since oliguria 
was present. 


The data for serum potassium from all ani- 
mals in group 2 and series B of group I showed 
a decided rise. The dogs of series A., group 1, 
showed a decrease in the values for potassium. 
The highest concentration of serum potassium 
was found in the animals in which blood had 
leaked into the lumen of the intestine. In no 
instance was the potassium of such a concentra- 
tion as to have -to.xic effects on the heart, although 
it might have been a contributing factor in retard- 
ing the recovery of the animals in group 2. 

The values for calcium of the serum of all dogs, 
except dog 239, were lower after the cutting of 
the cord, compensating for the change in the pro- 
tein level, as total calcium must vary with total 
protein if calcium ion concentrations are to be 
held within physiologic limits. 

COMMEXT 

The general effects of section of the spinal cord 
at the eighth cervical segment for the first si.x to 
twelve hours were the same in both groups of 
experiments. In group 1 the further decline of 
blood pressure and the failure of the circulation' 
subsequent to this period are to be explained 
principally by the withholding of fluids and food 
and the maintenance of the animals in the dorsal 
position on the table.® The presence of the two 
small wounds in the legs did not appear to be an 
important factor, even though there was some in- 
fection present. The remarkable feature about 
the circulation during this period was the per- 
sistence of the blood pressure at extremely- low 
levels for long periods before circulatory failure 
and death came about. 

In group 2, in which fluids and food were given 
postoperatively, the significant feature was the 
persistence of the blood pressure in the vidnity 
of critical levels during the initial period of 
spinal shock and fbr four to six days thereafter, 
without the development of surgical shock and 
with subsequent gradual recovery-. 

The. strong resistance of the animals of both 
groups to the low blood pressures under con- 
ditions of the two ty-pes of experiments is best 
explained by the fact that with the arterioles and 
capillaries dilated and with but little loss of blood 
from operation, the tissues received a larger sup- 
ply- of blood and were better nourished than the 
level of blood pressure alone would indicate; 
consequently-, surgical shock and death came 
relatively- late in group 1 and were avoided in 

6. Eversole, J. \V. ; Kleinberg. \V. ; Overman. R. R. ; 
Remington. J. and Swingle, W. W. : .Am. J. Phvsiol. 
140:490, 1944. 
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sj’iiiptonis, as well as partial recalcification of 
some of the defects of bone. 

Henschen^" reports a case of eosinophilic 
granuloma, in which excision of the lesion from 
. the left mandible of a man 24 years of age was 
done, followed by recurrence and second opera- 
' tion. He feels that every- destnictive lesion of 
hone in adolescents should be suspected of being 
eosinophilic granuloma. 

Cavalcanti^® reviews the literature on post- 
traumatic epidermoid cysts and presents a case 
in which there was involvement of a phalanx 
of the right middle finger. The lesion was ex- 
cised and found to be a typical epidermoid cyst 
on examination. 

Pohlmann and Wachstein mention tliat epi- 
dermoid (squamous epithelial) bone cyst of the 
phalanges, a rare tumor of bone, has been re- 
• ported as proved in only 10 cases. The}’- present 
a review of the 10 cases in tire literature and an 
. additional case of their own and advocate removal 
of the cyst and cauterization of the cavity, mea- 
sures which preser\-e the finger and prevent 
possible recurrence of the lesion. 

C. Lesions of Synovial Membrane. — Moretz 
reports 4 cases of malignant tumors arising from 
synovial membrane. He mentions that this tj-pe 
of lesion is classified according to the micro- 
scopic picture. Some lesions apparently arise 
from the outer layers of the synovial tissue and 
are indistinguishable from fibrosarcoma, and the 
others arise from the inner layers, thus present- 
ing a more epithelioid type. Both types of tumor 
cells may be present in the same lesion. The 
prognosis in any case is unfavorable. Amputation 
is recommended except in those cases in which 
conditions are favorable for a wide local excision 
of tlie lesion or in those in which there is local 
recurrence. 

. D. Benign Neoplasms of Bone. — Osteoid oste- 
■ oma : Stauffer presents a case of osteoid oste- 
oma, in which the lesion was excised from the 
head of the radius, with complete relief of sjanp- 
toms. The previous pathologic report had been 
“healing benign giant cell tumor.” 

47. Henschen, C. : Das eosinophile Granulom des 
' Knochens, Schweiz, med. Wchnschr. 73:451-455 (.April 

10) 1943. 

48. Cavalcanti, J. : Cisto epidermoide post-traumatico 
de dedo, .Arq. brasil. de cir. e ortop. 11:36-41, 1943. 

,• ,49. Pohlmann, H. F., and Wachstein, At.: Epider- 

moid (Squamous Epithelial) Bone Cvst of Phalanx, 
■' Ann. Sure. 119:148-154 (Jam) 1944. 
j 50. Moretz, W. H. : Malignant Tumors -Arising from 
the Synovial Membrane with Report of Four Cases, 
, Surg., G\-nec. & Obst. 79:125-132 (.Aug.)_ 1944. 

51. Stauffer, H. M.: Osteoid-Osteoma' of the Head 
'/■ of the Radius: Case Report, Am. J. Roentgenol. 52 : 
;■ 200-202 (.Aug.) 1944. 


Harmon presents a case of osteoid osteoma. 
The patient was a girl 9 years of age, and the 
lesion was located in the midportion of the 
femoral shaft. All laboratory tests gave normal 
results. At operation a soft gritty material was 
found in the cavity. Cultures revealed no growth. 
The microscopic examination revealed osteoid 
tissue between hypertrophic trabeculae with 
fibrous reaction and no inflammatory- cells. 

Kleinberg reports 3 cases of osteoid osteoma, 
one lesion being located in the upper end of the 
fibula, one involving the lamina of the second 
lumbar vertebra and one in the neck of the 
astragalus. He states that the patients had com- 
plete relief of all symptoms following exdsion 
of the lesion. 

Lewis presents 11 cases of osteoid osteoma, 
in 9 of which tlie condition was proved and in 2 
probably proved. The lesions conformed to the 
clinical and roentgenologic criteria of Jaffe and 
Lichtenstein. He advocates simple block removal 
of the nidus or focus of infection and feels that 
failure to remove all of this may cause persistence 
of tile symptoms. 

[Ed. Note. — Such case reports as the fore- 
going are of increasing value and interest to 
physicians. Jaffe and Lichtenstein have incited 
a great deal of interest among surgeons, espedally 
ortliopedic surgeons, through thdr studies of 
this condition. An increasing number of case re- 
ports are evident in the literature. In the past 
the lesion was considered a focus of infection de- 
scribed as nonsuppurative osteomyelitis of Garre, 
Brodie’s abscess or localized subcortical abscess 
of bone. There still exists among surgeons and 
pathologists a difference of opinion regarding 
the lesion.] 

Periosteal Fibroma : Sgrosso presents a case 
in which the patient was an 11 j-ear old boy and 
the huge lesion involved the humerus. Operation 
had been performed unsuccessfully three months 
prior to the patient’s admission to the hospital. 
The huge fibroma was removed with good re- 
sults, a rare condition. 

Periosteal Lipoma : Cottini presents a case of 
periosteal lipoma of the radius, the patient being 

52. Harmon, P. H. : Osteoid Osteoma of Mid-Shaft 
Region of Femur, Am. J. Surg. 65:128-131 (Oct.) 1944. 

53. Kleinberg, S. : Osteoid Osteoma, Am. J. Surg. 
66:396-401 (Dec.) 1944. 

54. Lewis, R. W. : Osteoid-Osteoma : A Review of 
Portions of the Literature and Presentation of Cases, 
-Am. J. Roentgenol. 52:70-79 (July) 1944. 

55. Sgrosso, J. .A.: Fibroma periostico del humero. 
Rev. ortop. y traumatol. 13:198-204 (April) 1944. 

56. Cottini, C. F. : Consideradones sobre un caso de 
lipoma periostico de radio. Bob y trab., Soc. argent, 
de drujanos 4:700-707, 1943; abstracted. Rev. .Asoc. 
med. argent. 57:995-997 (Xov. 30) 1943. 
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weeks tile spinal wounds were healed and the 
pulse, respirations and temperatures had re- 
turned to normal ranges. The postoperative 
course was uneventful up to the time of termina- 
tion of the experiments, except for a mild 
cystitis in dog 238. wlu’ch was healing at the 
time of death. Occasional small pressure sores 
appeared on the hips, hut the,v healed rapidly 
under proper care and never became an influ- 
ential factor on the general condition of these 
animals. 

Incontinence of stools was established soon 
after operation, and by the fourth to the sixth 
day the bladder had started to empty involun- 
tarily. There was no gross evidence of blood in 
the stools of any of tiie animals. Flexor and 
knee jerk reflexes had been regained almost 
immediately after section of the cord in all ex- 
periments, but flaccid paralysis of the hindquar- 
ters was complete. In dog 234 slight extensor 
tone became manifest toward the latter part of 
the second month, and by the time of killing, one 
hundred and nineteen days after section, it had_ 
become sufficiently strong to support momentarily 
the weight of the animal when placed on its feet. 
Throughout the course of the experiments, the 
bod}’ weights, with but 1 exception, remained 
constant or showed a slight increase (table 1). 

T.cble 1. — Body Ji'eifflits in Kilograms of Fky Dogs 

Taken al Varying Intcnvls Following Experimental 
Section of the Spinal Cord at the Eighth 
Cervical Segment 


Days Alter 
Section 

Doe 231 

Dog 2S1 

Dog 302 

Dob 237 

Doe 23S 

0 

6.9 

13.0 

15.0 

n.o 

11.4 

7 

6.9 

12.1 




10-15 

9.0 

12,S 

15.S 


II.G 

22-24 

9^ 

12.8 

1G.4 

12-7 


33-SO 

6.9 

13.9 

16-3 

n.s 


41-43 

8.S 

14.2 

lG-1 



50-64 

6.4 

14.1 

17.3 



60-72 

6.9 

14^ 

36.9 



74-r? 

... 

14.7 

17.0 



S7 

6.9 


* 



IID 

S.S 






Killed 

Killed 

Killed 

Killed 

Killed 


119th day 

74th day 

77th day 

SOtb day 

13th day 


Disuse atrophy in the hindquarters became ap- 
parent after the first month, however, and by 
the time that dog 234 was killed the muscles were 
greatly wasted, and uecropsy revealed the cortex 
of the femurs to be extremely thinned. Function 
of the forelegs was not intensely disturbed in any 
of the animals and became sufficiently strong 
within-a week or two to support body weight and 
assist in movement. 

Blood Pressure . — Chart 1 shows a composite 
curve of the blood pressure levels of 5 dogs 


for the first ten days, 4 dogs for the next twent}-- 
ninc days and 3 dogs for the next four days after 
section of the cord. Table 2 shows blood pres- 



sure levels for the entire survival period of each 
animal of the group. These readings were 
recorded at the same time samples of blood 
were withdrawn. Although the blood pressure 
started rising by the end of the first week, the 


T.^ble 2. — Mean Blood Pressures of Five Dogs Follow- 
ing Experimental Section of the Spinal Cord 
at the Eighth Cervical Segment 


Days -t/ter 

Dog 231, 

Dog 3W, 

Dog 234, 

Dog 237, 

Dog23S, 

^tion 

Mm. Hg 

Jim. Hg 

JItn. Hg 

Mm. Hg 

Jim. Hg 

Control 

no 

15$ 

145 

130 

170 

0.13 

. 70 

CO ■ 

SO 

SO 

53 

1 

SO 

6S 

60 

6S 

€0 

o 

70 

Cc 

00 

SO 

U 

3 


52 

70 

6S 

so 

4 

73 

S2 

SO 

so 

so 

6 

SO 

62 

S6 

so • 

73 

S 

&0 

Si 

50 

ICO 

70 

10 

70 
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which the pathologic report was osteosarcoma. ■ 
Subsequent to this, fracture* of the third meta- 
tarsal bone with callus formation developed. Ex- 
cision was again requested, and the lesion proved 
to be benign march fracture with callus fonna- 
tion. Still later tlie patient had fractures of tlie 
first and fourtli metatarsal bones, which were e\d- 
dent on roentgenographic examination. At the 
time the paper was written, he was living and ' 
working in a lumber mill fourteen 3 *ears follow- 
ing operation on the second metatarsal bone. The 
specimen and tlie tissues were reexamined b}* Dr. 
Broders and showed unquestionably that the 
original lesion of the second metatarsal bone was 
osteosarcoma and tliat the lesion of the third 
metatarsal bone was march fracture. 

Gershon-Cohen and Doran review the litera- 
ture of fatigue-stress fractures and emphasize 
tlie necessitj'- for ruling out s}'stemic disease and 
local patliologic changes. The}* support the 
hi-pothesis of fatigue-stress and present 4 cases. 
The)' state that the fracture lines are thin and 
the callus formation is diagnostic, although they 
believe that tlie lesion could be taken for osteo- 
genic sarcoma in the latter stages of the condition. 

[Ed. Note. — I^Iy case reported at the b^in- 
ning of this section illustrates the confusion which 
could arise by depending on roentgen interpreta- 

■ tion alone.] 

Friedman reports a case of osteol}*tic osteo- 
genic sarcoma of the os pubis, wliich is an ex- 
tremely rare location. His patient was a woman 
42 years of age. Roentgenographic examination 
revealed destruction of the right horizontal ramus 
of the pubic bone. The serum alkaline phospha- 
tase was elevated to IS units; the calcium and 
phosphorus levels were normal. A biopsy was 
done, and tlie pathologist’s diagnosis was osteo- 
lytic osteogenic tumor of bone. Roentgen therapy 
was given for thirt)'-one montlis, with no essen- 
tial change in the roentgenograms. The patient 
‘ died of metastasis three and a half years later. 

■ .[Ed. Note. — The ver)* rare location of the 
:• lesion in this case, in which a tliorough study of 

the microscopic and roentgenologic findings was 
made and the end result was obtained, makes 
reports of this t)'pe of value. IMy statistical 
. ' studies of tumors of bone have been based on 
facts obtained from proved microscopic changes, 
histopathologic determination of the grade of 
’■ malignancy and subsequent follow-up of cases. 

Gershon-Cohen, J., and Doran, R. E. ; Fatigue- 
■ ■ Stress Fractures; Diverse Anatomic Location and Simi- 
’ ^talignant Lesions, U. S. Nav. II. Bull. 43: 

; , 6/4-6S4 (Oct.) 1944. 

Eriedman, S. T. : Osteogenic Osteolvtic Sarcoma 

. of the Os Pubis, Am. J. Surg. 64:248-253 (Nay) 1944. 


Statistical reports without a report of the micro- 
scopic studies are not based on sufficient evidence 
of proof of malignancy and therefore are of less 
value in determining the benefits of treatment and 
prognosis than those based on microscopic 
studies.] 

McNattin,‘° stimulated by the lack of satisfac- 
tory opinions concerning any one method of 
treatment of osteogenic sarcoma, reports a small 
series of cases in which the patients were treated 
by roentgen rays for from sixty to one hundred 
and forty treatments. The treatments were given 
over multiple portals, and amputation was done 
when the first signs of irradiation necrosis ap- 
peared. He believes that this form of therapy 
gives the best prognosis and that delay of ampu- 
tation does not increase the likelihood of distant 
metastasis. He believes that if serial roentgeno- 
grams show some recession of the lesion, indi- 
cating radiosensitivity in this type of sarcoma, the 
total amount of irradiation may be decreased and 
amputation may be avoided. 

[Ed. Note. — Treatment by means of roentgen 
rays given preoperatively followed by amputation 
(Ferguson) delays removal of a malignant lesion. 
Such a delay is contrar)* to the common belief 
that early eradication is the method of choice. 
Unless there is microscopic proof of the grade of 
malignancy, I hardly feel that the results of 
treatment of osteogenic sarcoma by roentgen 
therapy alone are acceptable.] 

Osteochondrosarcoma : Haggart, Hare and 
Marks present a case in which osteochondro- 
sarcoma arose from the rami of the pubis and 
ischiiun. The surgical removal of the tumor was 
made difficult by its location, since it was ad- 
jacent to and compressing the rectum. 

Kemper and Bloom present a case of osteo- 
chondrosarcoma. The patient was a girl, 13 
years of age. Biopsy revealed a spindle cell osteo- 
chondrosarcoma of the right tibia without metas- 
tasis, and amputation through the lower part of 
the thigh was done. Two years subsequent!)* 
there was an osteochondrosarcoma of the femur. 
At this time a midthigh amputation was done. 
Then about five months later a maxillar)- tumor, 
a mass in the upper right quadrant of the ab- 
domen and recurrence of the osteochondrosar- 

66. LIcNattin, R. F.; Treatment of Osteosenic Sar- 
coma with Preoperative Roentgen Radiation in Large 
Doses, Radiologv- 42:246-248 (March) 1944. 

67. Haggart, G, F.; Hare, H. F,, and ifarks, J. H. : 
Clinico-Pathological Conference [Osteochondrosarcoma], 
Radiology 43:378-382 (Oct.) 1944. 

68. Kemper, J. W., and Bloom, H. J.: Metastatic 
Osteochondroma of Maxilla from Primary Tumor of 
Tibia: Report of Case, Am. J. Orthodontics (Oral Surg. 
Sect.) 30:704-708 (Kov.) 1944. 
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'urring secondarily in response to fluctuations 
■n the concentration ot total protein arc neces- 
sary for the maintenance of normal calcium 
ion concentrations. ’ Tiic values for serum 
potassium rc.aclied their highest levels after the 
sixth day following the operation and remained 
high until the dogs were killed. 

Cells . — The following changes in the cell 
values were found to accompany the protein and 
electrolyte disturbances recorded in the serum : 
namely, an increased cell water content tlirough- 
out the period; a distinct increase in potassium 
content in dog 234 throughout a jieriod of eighty- 
seven days, with the highest values occurring 


logic change found in any animal. No sections 
of tissue were taken for microscopic examina- 
tion. 

COMMENT 

To summarize the data for the 3 dogs, mean 
average concentrations were estimated for all 
constituents for tlie initial blood sample and 
for all experimental samples thereafter. The 
mean changes in per cent of the average initial 
concentration were plotted and are shown in 
chart 3 for serum and chart 4 for cells. 

The period represented for four days on the 
curves is roughly the period of "spinal shock,” 


T.mE 9.—Chanocs in U'atcr, EIccIrolytes and Protein Concentrations (in per Cent of Control Values) in the 
Sennn and Erythrocytes Fc'lloii-ing Experimental Section of the Spinal Cord at the Eighth 

Ccn-ical Segment 
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from the eighth to thirty-eighth day after opera- 
tion, while in dog 237 the opposite, a decrease 
in the potassium content, was found, and a 
significant fall in the cell volume accompamed 
M-ith a decreased oxj'gen content, the great^t 
and most constant decline occurring from the 
fourth to the fifteenth day following the cutting 
of the cord. 

Observations at Necropsy . — In all animals 
the spinal cord was found to have been 
severed at the eighth cendcal segrnent, and the 
cut ends were separated by fibrous tissue gro^' • 
A recent impaction in the lower bowel an 
thickening of the urinary bladder in dog 
were the only'gross evidences of ^’isceral patho- 

3. McLean, F. C, and Hastings, A. B.: Am. J. M. 
Sc. 189:601, 1935. 


which has been discussed in the preceding paper. 
The days that follow are considered as the re- 
covery period. Despite a relative constancj' of 
serum water, the serum proteins increased from 
an average low value of 4.8 Gm. per hundred cubic 
centimeters on the fourth day to -5.4 Gm. per 
hundred cubic centimeters on the eighth day 
after operation. For fourteen days more the 
serum proteins remained at this low level, after 
which they returned gradually to normal. This 
fact indicates slight hemodUution, which may 
have been in part a result of the entrance of 
interstitial fluid into the blood stream from else- 
where in the body. This is evidenced bj- the 
slight gains in the serum water (0.5 to 1 per 
cent) and chloride (2 to 4 per cent) and the 
decreases in sodium (3 to 5 per cent). Fur- 
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and wiiicli later proved to be instances of priniarj' 
carcinoma of the gastrointestinal tract. 

[Ed. Xote. — We have had similar experience 
in a number of cases. The pathologist iisuall}- is 
able to suggest the probable primary' location of 
the lesion.] 

I. Treatment . — Phemister discusses un- 
united fractures and defects of bone and feels 
that they may be satisfactorily repaired by trans- 
plantation of bone. In those instances in which an 
excision of bone was performed to eradicate a 
tumor (giant cell sarcoma, large benign tumors 
of bone, chondrosarcoma and so forth), the defect 
in the long bones was satisfactorily bridged by 
transplantation of bone. 

[Ed. Note. — I believe that low grade malig- 
nant lesions of bone, if recognized before they 
reach too great a size, and some benign lesions 
of bone and cysts of bone may be treated by ex- 
cision and massive bone grafts wth good results.] 

Hormone and Castration Therap}- in Carcino- 
ma of Prostate and Breast : Middleton reports 
a case of pathologic fracture with delaj-ed union 
in the subtrochanteric region, of the femur which 
healed after bilateral orchectomy. The patient 
died twent)' months subsequently, apparently 
from cerebral vascular accident. 

Watkinson, Delor}-, King and Haddow pre- 
sent 10 cases of carcinoma of the prostate, in 5 of 
which there was roentgenographic evidence of 
metastasis to bone. Improvement was noted in 
9 cases following therap)' with diethylstilbestrol. 

Ritvo and Peterson present cases in which 
the patients had metastasis of bone from carci- 
noma of the breast and in which regression, noted 
roentgenographically, was evident after ovarian 
sterilization. They believe that the regression 
results from the withdrawal of ovarian hormone. 
About a third or more of their patients had pro- 
nounced relief from pain and general physical im- 
provement, with regression of the lesions of bone 
noticeable on roentgenographic examination. 

[Ed. Note. — T he report of these 3 papers fur- 
ther illustrates the clinical benefits obtained when 

77. Phemister, D. B.: The Repair of Bone Defects 
and Ununited Fractures by Bone Transplantation, Proc. 
interst. Postgrad. M. .A.. North America (1942), 1943, 
pp^ 105-108. 

78. Middleton, A. W. : Union of Pathologic Fracture 
of Femur Following Castrations for Carcinoma of Pros- 
tate, Am. J. Surg. 64:144-146 (.April) 1944. 

79. Watkinson, J. M.; Delorj-, G. E. ; King, E. J., 
and Haddow, -A. : Plasma .Acid Phosphatase in Carci- 
noma of the Prostate and the Effect of Treatment witli 
StillxKJstrol, Brit. M. J. 2:492-493 (Oct. 14) 1944. 

80. Ritvo, M., and Peterson, O. S., Jr.: Regression 
of Bone Metastases from Breast Cancer After Ovarian 
Sterilization, .Am. 1. Roentgenol. 51:220-229 (Feb.) 
1944. 


j)atieuts with metastasis are treated by castra- 
tion and administration of estrogens (diethyl- 
stilbestrol).] 

/. Experimental Studies of Primary and Sec- 
ondary Tumors oj Bone. — Barrett. Dalton. Ed- 
wards and Greenstein report on the historr-. 
cytologic and pathologic characteristics and phos- 
phatase activiw of a spontaneous, transplantable 
osteogenic sarcoma carried through -eighteen 
generations of mice (at the time of writing). 
Early generations of subcutaneous transplants 
and pulmonarj' metastasis were osteogenic, with 
malignant osteoblasts, osteoid tissue and true 
bone. In later generations the character changed 
to a more rapidly growing anaplastic tumor which 
more closely resembled fibrosarcoma, and the 
capacit}' of the tumor to cause high alkaline phos- 
phatase activit}’ and to form osteoid tissue was. 
lost or inhibited. 

Dunlap, .Aub, Evans and Harris review some 
of tlie clinical and experimental work on ingestion 
and implantation of radium and radon in the pro- 
duction of osteogenic sarcoma. Thirteen male 
rats of the Wistar strain were given radium 
chloride for twenty days. Eight months subse- 
quently, some objective signs of osteogenic sar- 
coma began to appear, and eventually osteogenic 
sarcoma developed in 9 of the 13 rats, with 
metastasis in 2. Ail tumor transplants except one 
failed because rats not of the M'istar strain were 
used. One transplant grew and since then has 
been successfully carried in about 50 per cent of 
attempts through seven serial generations in 
“Wistar” rats. The transplants have retained 
their original histologic characteristics and ability 
to form bone. 

Abels and others report that because heptyl- 
aldeln'de bisulfite appeared toxic to human mam- 
marv' carcinoma in vitro and produced lique- 
faction necrosis of spontaneous mammarr' car- 
cinoma in mice tliey administered it to 14 women 
who had mammary carcinoma with metastasis to 
bone; it had no effect of any kind. The}- con- 
•clude tliat its in vitro effect is due to bisulfite 
which in vivo was hydrolyzed too rapidly to show 
any effect. 

81. Barrett, M. K. ; Dalton, .A. J.; Edwards, J. E., 
and Greenstein, J. P. : Transplantable Osteogenic Sar- 
coma Originating in GH ^^ouse, J. Nat. Cancer Inst. 
4:389-402 (Feb.) 1944. 

82. Dunlap, C. E. ; .Aub, J. C. ; E%ans, R. D., and 
Harris, R. S.: Transplantable Osteogenic Sarcomas 
Induced in Rats bv Feeding Radium, .Am. J. Path. 20: 
1-21 (Jan.) 1944. ' 

S3. Abels, J. C. ; Treves, N. ; Herrmann, J. ; Singher, 
H. O. ; Kensler, C. J., and Rhoads, C. P. : The .Admin- 
istration of Heptylaldehyde Bisulfite to Patients with 
Inoperable Mammary' Carcinoma Metastatic to Bone, 
Cancer Research 4:438-443 (July) 1944. 



FRAGMENTATION AND DISSOLUTION OF GALLSTONES 

BY CHLOROFORM 


JOSEPH K. NARAT, an-d ARTHUR F. CIPOLLA, M.D. 
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On certain occasions considerable difficulties 
arise during attempts to remove gallstones from 
tbc biliary tract. Calculi in the hepatic ducts 
found at the operation may tax the skill of a 
man with a wide experience in this type of work, 
not to speak of a general surgeon who encounters 
such -conditions only once in a great while. 

Walters,' of the Mayo Clinic, cited a case 
in which he was not able to explore' the intra- 
hepatic duct on account of a large, anomalous 
hepatic arter}' crossing the duct. Obesitj" of the 
patient may also interfere with exploration of 
the hepatic ducts. Inflammatory processes, 
edema and adhesions may further complicate the 
situation. 

Some stones lodged in the common duct re- 
quire a transduodenal approach or an extensive 
mobilization of the duodenum for exposure of the 
retroduodenal portion of the ductus choledochus. 
Both technical procedures, even in the hands of 
the more experienced surgeon, considerably in- 
crease the operative risk because of the danger 
of infection and hemorrhage, especially great in 
the presence of cholemia. 

It is not surprising that because of such tech- 
nical difficulties repeated attempts have been 
made to develop effective substitute procedures, 
'vith special attention to the problem of disso- 
lution or fragmentation of gallstones by chemical 
means. 

-A,ccording to Naunyn’s = classification, gall- 
stones can be divided into four gp-oups : ( 1 ) pure 
cholesterol stones; (2) pure pigment-calcium, 
or “mulberiyq” stones (the pigment may be 
either bilirubin or biliverdin) ; (3) mixed calculi 
consisting mainly of cholesterol, calcium bili- 
rubinate and calcium carbonate, and (4) pure 
calcium carbonate stones. The last group can 

Dr.. Warren H. Cole made valuable suggestions_ in 
the preparation of this paper and granted us the privi- 
lege of performing the experiments in the laboratorj- of 
the department of surgery’, UniversiW of Illinois College 
of Medicine. 

1. Walters, W., and Wesson, H. R. : Fragmenta- 
tion and Expulsion of a Common Duct Stone into the 
Duodenum Using Ether and Amyl Nitrite: Preliminary 
Report, Proc Staff ^leet., Mayo Clin. 12:260, 193/. 

2. Naunyn, cited by Darling, H. C.: Cholelithiasis 
(Latent and Active), "M. J. Australia 2:555, 1941. 


be disregarded' for the purposes of this study 
because stones of this tj-pe are found mostly in 
animals and rarely in man. 

Inasmuch as in many instances the character 
of the stone cannot be determined in the course of 
the operation, a desirable solvent would be one 
which acts on both cholesterol and pigment. 
Calcium and also the binding mucoid substances 
which serve as the organic framework for the 
precipitated elements of the bile are reduced to 
a soft pulp which can be easih' washed out by 
bile flow after a fragmentation of the stones has 
been accomplished. 

Obviously the substance employed for this 
purpose must meet two requirements : It must 
have a strong solvent action on the stones, and 
it must be innocuous for the living tissues. 

Attempts to find a suitable substance have 
been made repeatedly. In 1901 Walker ' cited a 
case in which he used ah ether-glycerin mixture 
to dissolve a stone by irrigation through a biliary' ' 
fistula. Wright * reported a case in which a 
stone impacted in the common duct could be 
removed only after injection of turpentine. 
Pribram^ recommended daily injections of ether 
through a T tube in cases in which a stone is 
firmly lodged in the papilla or in which the least 
suspicion exists that aU the concrements have 
not been removed. He noticed that unless the tube 
is left open after the injection, has been com- 
pleted epigastric distress results from the vapori- 
zation of the ether, which takes place at body 
temperature. Walters and Wesson ' obtained a 
fragmentation of a stone with injections of ethyl 
ether on three successive days and two subse- 
quent injections of a solution consisting of one- 
third ethyl alcohol and two-thirds ethyl ether, 
as suggested by Osterberg. However, nausea 
and severe pain in the right upper quadrant of 

3. Walker, cited by Raffl, A. ■ B. : Experimental 
Studies on the Solvent Action oi Ether on Gallstones, 
-Am. J. Surg. 32:65, 1941. 

■ 4. Wright, G. : The Value of Turpentine in Gall- 
stone Operations, Brit. M. J. 2: ISOS, 1908. 

5. Pribram, B. C. : Zur Beseitigung eingeklemmter 
Choledochuspapillensteine, Deutsche med. Wchnschr. 58: 
1167, 1932; New Methods in Gallstone Surgery, Surg., 
Gynec. & Obst. 60:55, 1935. 
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ssc.< and strains. In coxa va!”a. tlic internal 
iiitocture undergoes a devolntionary cltangc as 
:snlt of inodilication of the external form and 
iinilar to that of the almost straight reptiliati 
lur. In (isteoarthritis. a new compact articular 
face is formed sniterficial to the original one 
I snpjKirtcd hy new trahecidatcd elements 
ich continue the radiating lines of the original 
[)ccular pattern. A devolutionary process, 
h in the extemal architecture and consequently 
the internal architecture, takes place in the 
mps of the amputated femurs after loss of the 
1 normal function of weight hearing. In 2 
icimens examined after amputation.. there was 
increase in the neck angle, a decrease in the 
gth of the neck and displacement of the head 
the femur laterally, backward and downward, 
e backward displacement represented a retor- 
n of the head on the neck and exposed the 
:dial part of the anterior surface of the neck to 
issure of the iliofemoral ligament and the an- 
for margin of the acetabulum, thus producing 
extension of tbe articular surface of the head 
this region. 

KJeinberg reports a case of aseptic necrosis 
the femoral head following a dislocation which 
believes was not associated with a tear of the 
und ligament. Exploration of the hip showed a 
irmal-appearing ligamentum teres, grossly and 
croscopically. He believes that this case demon- 
rates that 'rupture of the ligamentum teres is 
)t a constant occurrence in a traumatic disloca- 
Dn. The author points out that in most cases in 
hich the femoral head is deliberately dislocated 
om the acetabulum the round ligament is tom. 
It not infrequently the head can be removed 
om the acetabulum without rupturing the round 
^ment. 

Salmore °° measured the pelvifemoral angle in 
X) normal persons and found that the most 
xurate measurements could be made with the 
itient in the erect position. This angle was 
gfined by Milch as the badavard opening angle 
)mred by the axis of the femoral shaft with 
'elaton’s line; it is valuable in measuring the 
egree of hip flexion. It was found to be between 
D and 52 degrees in normal adults and children 
tid 58 degp'ees in the preambulatorj' infant. 
Wellmerling discusses the management of 
•actures of the femoral neck in relation to cer- 
lin anatomic considerations of the upper end of 

S9. Kleinberg, S.; .•\septic Necrosis of the Head of 
le Femur Following Dislocation of Hip, Arch. Surg. 
9:104-108 (Aug.) 1944. 

90. Salmore, W. : Pel\-iferaoral Angle, J. Bone &; 
oint Surg. 26:392-393 (April) 1944. 

91. Wellmerling, H. W. : New Therapy of Hip- 
iailing: Precision Technique for Intracapsular Frac- 
iires, "indust. Med. 13:809-817 (Oct.) 1944. 


the femur. Tiicre are two distinct systems of 
trabeculae arranged in curved jiatiis, one begin- 
ning on the medial side of the upper femoral 
shaft and ctirving upward in a fanlike radiation to 
the opposite portion of tlie iione and the other 
originating in the lateral portion of the upper 
shaft, arching upward and medially. Tlie result 
of the dense converging trabeculae is a thickened 
anterior and medial cortex. The fracture is re- 
duced by overtraction in adduction and fixed in a 
coxa valga position, thereby interlocking tiie frag- 
ments and restoring the normal length. The au- 
thor relies on his senses and insertion of a guide 
wire and cannulated nail, controlled by two plane 
roentgenography, rather than directing devices. 
For fixation" he uses a 5 inch (12.7 cm.) cannu- 
lated, vitallium Smith-Peterson nail. The cortex 
is entered just posterior to the center of the lateral 
aspect of the shaft and 2 inches (5 cm.) distal to 
tbe distal prominence of tbe trochanter with a 
5/32 inch (0.4 cm.) drill. The nail is driven 
with a 20 degree forward inclination so that it lies 
in the anteromedial wall of the neck, where the 
converging trabeculae are the most supportive. 
If the nail enters the midportion or anterior to it. 
the nail will emerge through the anterior portion 
of the neck. [ Ed. Note. — In cases of oblique 
neck fractures with a spicule beneath the proxi- 
mal fragment, abduction is usually necessary to 
accomplish reduction.] 

Siris and Ryan believe that the chances of 
survival are better in cases of intracapsular frac- 
tures of the neck of the femur when reduction is 
done immediately. The use of two machines has 
simplified the technic and makes draping easier. 
They do not permit the patients to turn on the 
uninjured side, because in a certain number of 
cases this has caused loosening of the nail. 

Miller and Bishop reported the case of a 76 
year old patient with a fracture of the femoral 
neck, who died during manipulation of the hip 
while he was under cyclopropane anesthesia 
eighteen days following fracture. Autopsy re- 
vealed a pulmonarv' embolism which came from 
the femoral vein. The authors suggest that earl\" 
reduction might reduce the incidence of this com- 
plication. 

Weinberger describes a method for convert- 
ing fractures of the femoral neck into a valgus 

92. Siris, I. E., and Ryan, J. D. : Fractures of the 
Neck of the Femur: An .-Analysis of 157 Intracapsular 
and Extracapsular Fractures, Surg., G\"nec. & Obst. 
78:631-639 (June) 1944. 

93. Miller. S., and Bishop, H. F. : Fatal Pulmonary- 
Embolism During Manipulation of Hip Under Anes- 
thesia, Anesthesiology 5:3CK>-302 (May) 1944. 

94. Weinberger, M.: Jlodification of Lines of Force 
in Treating Fractures of Neck. Rev. brasil. de ortop. 
e traumatol. 4:235-240 (SepU-Dec.) 1943. 
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In this investigation a survey of the elTective- 
ness of surface-active agents for tlie removal of 
hea\y oils and tars from intact and from injured 
skin has been carried out. At the present time, 
a large number of surface-active agents are com- 
mercially available. These many compounds and 
mixtures have in common the power to modify 
the properties of surfaces but van,’ wideh' in 
spedfic modes of surface activity, such as wetting 
power, emulsifying power, and dispersing, pene- 
trating and foaming action, not only Avith respect 
to any specific system of surfaces but also from 
one system to another. 

If the living skin is considered a component of 
such a system of surfaces, the pertinent powers 
of surface-active agents may in general be taken 
to vaiy between wetting power, on the one hand, 
and emulsifying power, on the other, although 
these do not necessarily oppose each other. The 
former is a measure of the ability of a compound 
to lower interfacial tension ■; the latter, a 
measure of abilit}’ of a compound to prevent the 
breaking of an emulsion. The dennatologically 
important property^ of detergency is a combina- 
tion of these powers and is not necessarily parallel 
to either. Sodium dioctylsulfosuccinate (Aerosol 
OT) is an excellent wetting agent but not so 
good an emulsifying agent. Sodium kerydben- 
zenesulfonate (Nacconol) is both a good wetting 
agent and a good detergent, while the cation- 

active invert soap cetyddimethylbenzylammonuOT 

chloride (Triton K-6b) is an excellent emulsify- 
ing agent but of limited powers as a wetting agent 
or as a detergent. Sodium lauryd sulfate ( ^ u 
ponol) is an excellent detergent and a fair wetting 
agent; sodium stearate (common soap) is a poor 
wetting agent but an excellent detergent. n 
any case, it is evident that “detergent is too 
general a term for the substances involved. 1 hey 
are better classified as “surface-active agents, 
and at present they may be regarded as falling 

From the Dermatoses Section, Industrial Hygiene 
Division, Bureau of State Serrices. 


into the folloiving chemical types (for a more 
complete review of this topic, see Snell ^). 

1. Alkali salts of long chain fatty' acids, e. g., 
ordinary soap." 

2. Alkali salts of sulfated long chain fatty 
alcohols (e. g., sodium lauryl sulfate, Duponol), 
esters (e. g., sodium glyceryltriricinoleate sulfate, 
sulfated castor oil) and amides (e. g., sodium 
N-oleyl taurate, Igepon T). 

3. Alk-ali salts of long chain fatty sulfonic acids 
(e. g., sodium petroleum sulfonate, SP 315). 

4. Alkali salts of alkydaryl sulfonates (e. g., 
sodium kerylbenzenesulfonate, Nacconol). 

5. Polymerized ethers, esters and alcohols (e. 
g., the polyoxy'alkylene ether of partial lauric 
acid esters. Tween). 

6. Acid salts of quaternary ammonium bases, 
cation-active “invert soaps” (e. g., cetyddimethyl- 
benzylammonium chloride, Triton K-60). 

The specific requirements of any instance in ' 
which surface-active agents are to be used thus 
should dictate which special set of properties is to 
be sought. In this study an attempt has been 
made to determine which surface-active agent or 
agents and in what forms would best serve to 
remove hea^-y oils and tars from intact and from 
damaged skin. All the products listed in a com- 
pilation appearing in the January' 1943 is- 
sue of Industrial and Engineering Chem- 
isfr\, entitled “Surface-Active Agents Manu- 
factured in the United States and Commercially 
Available,” were requested from their manufac- 
turers. Those received, together with some com- 
mon surface-active agents not listed and some of 
those recently developed but not listed, were sub- 
mitted to test. These totaled one hundred and 
sixty-five substances, and each was tested in a 
variety of forms and according to several criteria 
of excellence. 

Initial results corroborated those reported by- 
Rosenberg " and Schwartz ^ : \V hen light oils con- 

1. Snell, F. D. : Indust. & Engin. Chem. 35:107, 1943. 

2. Rosenberg, N. ; Surgery 13:385, 1943. 

3. Schwartz, L. : Pub. Health Rep. 56:1788, 1941. 



PROGRESS IN ORTHOPEDIC SURGERY 


191 


duration of hospitalization was shortened. Since 
the authors adopted tlie use of a Steinmann pin 
tlirough the lower part of the femur and tlie incor- 
poration of the pin in the cast, as suggested b}' 
Key, the complications of pressure sores and foot 
drop have been eliminated. The cast is now ap- 
plied with the knee in 30 to 40 degrees flexion, 
with plaster loops on the anterolateral aspect, in- 
corporated at the knee and foot for traction. One 
to three days later the patient is placed in a wheel 
chair with a pillow beneath the cast, and the foot- 
board is turned up, so that the legs hang without 
support. Crutches may be used in three weeks. 
The cast is removed after an average of forty- 
three and four-tenths days and the patient dis- 
charged on crutches. Complications, such as 
pneumonia, decubitus ulcer, stiffness of knees and 
ankles and weakmess from l3'ing in bed are re- 
duced. The reductions have been found to be as 
good as those obtained with other methods, and 
nonunion has not occurred. [Ed. Note (J. J. 

F.). This method is novel in the management of 

these fractures and demands careful consider- 
ation. Immobilization with plaster would be 
expected to cause more articular stiffness than the 
methods now employed.] 

Pascau, Ponce de Leon and Aymerich 
obtained bonj'^ union in 55 of 59 cases of trochan- 
teric 'fractures treated by traction with a Kirsch- 
ner wire through the supracondylar portion of 
tlie femur. Fifty-one of these patients recovered 
complete function. Only 2 had a coxa vara de- 
formity. [Ed. Note (J. J. F.). — ^The recover}- 
of function of the knee following traction in this 
age group is usually slow, and not uncommon!}- 
some permanent limitation of motion results. 
The incidence of coxa vara reported in this paper 
is unusually low, as compared with that in other 
reports.] 

Leadbetter describes an osteotomy high in 
tlie cendcal axis which is accomplished under full 
i-ision and avoids the ascending ramus of the 
femoral nutrient artery' as well as the cervical 
branches of the circumflex femoral artery-. The 
apposition of abundant cancellous bone is estab- 
lished, with positive pressure beneath tlie capital 
portion of the bone in a true valgus position. The 
osteotomy is made through an anterior approach. 
The capsule is opened by a cruciate or a semi- 
lunar incision, and any comminuted or projecting 
fragments at the lower part of the head are 

100. Pascau, I. ; Ponce de Leon, A., and .Aymerich, 
E. : Nonsurgical Therapj- of Fractures of the Tro- 
clianteric Region, Cir. ortop. y traumatol., Habana 
11:19-29 (Jan.-June) 1943. 

101. Leadbetter, G. W. : Cer\-ical-.\xial Osteotomy 
‘ of Femur: A Preliminarv- Report, T. Bone & Joint 

Surg. 26:713-720 (Oct.) 1944. 


removed. The osteotomy is done in the long axis 
at the junction of its middle and upper thirds, 
and the neck is then displaced beneath the head 
to a point within the lower acetabular rim. Dur- 
ing the fourth week, the plaster is bivalved and 
massage and quadriceps-setting exercises begin; 
the plaster is removed in eight weeks. Eight pa- 
tients were operated on and obsen-ed for at least 
one year. Every patient had a functioning and 
weight-bearing hip, and solid union occurred in 
6. [Ed. Note (J.J. F.). — This operation seems 
promising. Its value will be more accurately de- 
termined when more cases are reported. The 
early quadriceps exercises help to reduce the dis- 
ability caused by stiffness of the joint.] 

Schneider discusses nonunion of the femoral 
neck and the difficulties encountered with the 
various present day methods of treatment. He 
has not found the Blount blade plate fixation 
for osteotomy, performed for nonunion, to be the 
entire answer, as in some cases the plate will 
pull out anteriorly as the extremity goes into 
external rotation or the screws loosen from the 
atrophic bone. The Smith-Peterson nail with' 
tlie Thornton plate has been more satisfactory- 
in his hands, but this method does not always 
suffice unaided by external support. [Ed. Note 
(J. J. F.) — This complication is not as frequent 
w-hen the plate is introduced in the location used 
for internal fixation as it is when the plate is 
introduced high in the trochanteric cancellous 
bone.] 

Rowe and Ghormley state that while most 
authors believe that bone grafting yields the best 
end results in the treatment of nonunion of the 
femoral neck it is well know-n that only a small 
percentage of the cases meet the indications for 
this operation. While many ’have expressed the 
opinion that osteotomy offers the simplest and 
safest procedure for the patient who presents a 
poor risk and the ones not suitable for osteo- 
synthesis, the authors believe that better mechani- 
cal function can be attained by tlie use of one 
of the reconstructive operations if the condition 
of the patient does not prohibit it. If the head 
is nonviable, the ^^■hitman, the Cplonna or the 
Albee procedure is indicated. If the head is viable 
and the degree of absorption rules out a bone- 
grafting procedure, then the Brackett operation 
is indicated. A single long vitalHum screw, fix- 

102. Schneider, C. C. ; Sequelae of Fractures o£ 
Keck of Femur and Their Treatment, Wisconsin Af T 
43:799-804 (.Aug.) 1944. 

103. Rowe, M. L., and Ghormley, R. K. : Brackett 
Operation for Ununited Fractures of the Keck of the 
Femur, T. Bone & Joint Surg. 26:249-256 (April) 
1944. 
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In the six years that have elapsed since Elman 
and Weiner ^ first succeeded in giving amino 
acids intravenously to human beings, the paren- 
teral administration of amino acids in the form 
of spec'allj' prepared protein hydrolysates has 
become an established clinical procedure. This 
has been particular!}- true in the management of 
cases of gastrointestinal diseases in which the 
existence of protein deficiency is usually easily 
recognized and in which the possibilit}- of oral 
alimentation is limited or impossible. At first 
glance the nutritional value of such a method of 
feeding would appear obvious. However, many 
factors are involved in its successful application. 
Even though the products available for parenteral 
use are derived from nutritionally good proteins, 
it is not safe to assume them to be adequate 
until they are proved by proper studies^ under 
controlled conditions to be able to provide ni- 
trogen balance. Also, it is necessary- to recognize 
the quantities of amino acids needed for the par- 
ticular patient, the adjuvant requirements of 
carbohydrate, minerals and vitamins, the best 
method of administration and the limitations of 
the efficacy of such management even under the 
best of conditions. The present report is a part 
of an investigation to determine some of these 
factors. 

PLAN OF STUDY 

To study the adequacy of therapy with parenteral 
injections of amino acid, a series of cases of obstructive 
lesions of the esophagus and stomach was chosen. 

Supported in part by grants from Frederick Stearns 
& Company, Detroit, and Cutter Laboratories, Berkeley, 
Calif. 

From the Hektoen Institute for Medical Research 
of the Cook County Hospital, the Department of Sur- 
gery- of the Cook County Hospital and the Cook County- 
Graduate School of Medicine, and the Department of 
Surgery-, Northwestern University- Medical School. 

1. Elman, R., and Weiner," D. O. : Intravenous Ali- 
mentation with Special Reference to Protein (Amino 
.^cid) Metabolism, J. A. M. A. 112:796 (March 4) 
1939. 


This type of case presents a severe nutritional chal- 
lenge to the clinician. The patients were predominantly 
men of SO years or older, unable to eat solid food for 
weeks or months and often unable to retain liquids. 
Their teeth and gums were in poor condition. Because 
of frequent vomiting, many of them were considerably- 
dehydrated. Their fat stores were for the most part 
depleted. The average loss in weight was 36 pounds 
(16.3 Kg.). More than 40 per cent of these patients 
had secondary- anemia on admission to the hospital. 
In others the anemia became manifest after fluid and 
salt had been administered. The incidence of hypo- 
proteinemia in these patients was SO per cent, much 
higher than the 23 per cent reported from this insti- 
tution 2 for the general \-ariety of patients with surgical 
lesions. Here, again, the incidence would probably 
have been still higher if it had been redetermined after 
hemoconcentration had been eradicated by adrm'nistra- 
tion of fluid and salt. That such patients do not 
tolerate operations well has been fully- demonstrated 
in a review of 80 cases of gastrostomy- performed at 
the Cook County- Hospital between 1941 and 1944.® 
Of the SO patients operated on, 43 died within tw-o 
months, a good portion of these during the first w-eejr. 
The nutritional status of such patients is difficult to 
improve unless one resorts to parenteral feeding. The 
clinical evaluation of the results of such a nutritional 
program instituted for them is likely- to be unequivocal. 
.Also, since the intake of amino acids can be accurately- 
determined and since the number of stools to be ana- 
lyzed is small, it is relatively easy to make accurate 
nitrogen balance studies on these patients in surgical 
wards. 

Nitrogen balance studies conducted in this series of 
cases permit the e\-aluation of the adequacy of the 
amino add preparations used, for if any of the essential 
amino adds are not present in suffident amounts a 
positive nitrogen balance will not be obtained except 
with e-xtraordinarily large quantities of the prepara- 
tion.< Furthermore, they allow the recognition of the 

2. Meyer, K. A., and Kozoll, D. D.: Protein Defi- 
ciency in Surgical Patients, Surg., Gynec. & Obst. 78: 
181, 1944. 

3. Afeyer, K. A., and Kozoll, D. D. : Gastrostomv, 
Surg., Gynec. & Obst., 81:221, 1945. 

4. Rose, W. C. : Haines, J., and Johnson, J. E. : 
The Role of the Amino Acids in Human Nutrition, 
J. Biol. Chem. 146:683, 1942. Holt, L. E.. Jr.; Al- 
banese, _A. A.; Brumback, J. E., Jr.; Kajdi, c’, and 
Wangerin, D. ;M. : Nitrogen Balance in Experimental 
Tryptophane Deficiency in :Man, Proc. Soc. Exper. Biol 
& Med. 48:726, 1941. 
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are not usually willing to accept it, and it is con- 
traindicated when both hips are involved and 
when the spine is afifected. Cup arthroplast}" may 
offer hope of retaining motion and relieving pain 
in certain cases. 

Berginann discusses aseptic bone necrosis 
in lesions of the hip. In fractures of the femoral 
neck, the arteries running along the inner lining 
of the capsule and entering the head are de- 
stroyed, leaving onl}' the vessels of the round 
ligament, which are insufficient in most instances 
to keep the head from undergoing necrosis. The 
adjacent living bone of the distal fragment unites 
with the head before it has gone through all tlie 
stages of reorganization. The endosteum of the 
distal fragment is the only source from which 
new bone is laid down, and this is inferior to 
periosteal callus. The pathologic changes of 
Pertlies’ disease (osteochondrosis of the capital 
epiphysis of the femur), congenital disloca- 
tion of tlie hip and caisson disease are discussed 
and illustrated with roentgenograms and photo- 
graphs. [Ed. Note (J. J. F.). — One interested 
in the pathologic changes of aseptic necrosis of 
the head of the femur should read this well illus- 
trated article. In fractures of tlie femoral neck, 
tliere often remains a significant blood suppty 
from the posterior capsular vessels.] 

Stephens reviews the literature on iliopec- 
tineal bursa and adds 2 cases to the literature. 
The globular mass may be confused with an 
enlarged inguinal node or a femoral hernia. As- 
piration of seromucous fluid will differentiate it 
from tlie former, and pulsation on top of the tu- 
mor will distinguish it from the latter. .A. psoas 
abscess is more fluctuant. Unilateral chronic dis- 
ease of the hip joint on the involved side suggests 
a possible associated bursitis. The simplest 
method of treatment is aspiration followed by 
administration of sclerosing solutions. If sup- 
puration occurs, incision and packing are ad- 
vocated. 

Pusitz believes that serious gunshot wounds 
of the hip and buttock with much fragmentation 
of the head, seen late, are best treated b)- resec- 
tion of the femoral head, sulfonamide compounds 
and Orr’s treatment. A reconstruction or arthro- 
desis may be performed subsequent to the control 
of the infection. In cases in which there is much 
destruction of tissue and in which a portion of 

110. Berguiann, E. ; Role of .-Vseptic Bone Necrosis 
in Hip Lesions, .A.m. J. Surg. 63:21S-235 (Feb.) 1944. 

111. Stcpbens, Y. R. : Tumor of lliopectineal Bursa: 
Two Cases, Arch. Surg. 49:9-11 (July) 1944. 

112. Pusitz, M, E.. and Taylor, R. M. : Serious 
! Gunshot Wounds of Hip. J. Kansas Soc. 44:397- 

400 (Dec.) 1943. 


the sciatic nerve is lost, debridement removal of 
bone and, later, disarticulation of tlie hip may 
be indicated. One such case is reported in detail. 

Watson and Berkman state that failure to 
recognize march fractures of the femoral neck 
promptl}' may result in serious disability and 
deformity. They report the case of a soldier 34 
3 ‘ears old who experienced sudden severe pain in 
his hip while hiking and a few daj-s later had 
pain on the inner side of his thigh and knee. 
He continued activity, and one month later roent- 
genograms showed an incomplete fracture with 
shortening and limited motion of the hip. He 
was treated bj" traction for tivo weeks and then 
used crutches, without weight bearing, for four 
months. 

Harmon and Adams review the end results 
of surgical reconstruction in 53 patients who 
previously had had acute pyogenic arthritis. 
Qironically discharging sinuses responded satis- 
factority to treatment in 80 per cent of the cases. 
Positional correction of an ankj'Iosed hip, ank 3 -Io- 
sis of a painful hip and certain plastic procedures 
performed on young persons were found to be 
more satisfactor)’ than arthroplastic procedures. 
Excision of the major part of the ilium in certain 
cases was thought to be of value when this portion 
of the pelvis was affected. Disarticulation of the 
hip joint should receive more consideration in the 
treatment of persistent suppuration of the hip 
joint in adults in the presence of osteomyelitis in 
the upper half of the femur. For young persons 
with unilateral instability of the hip joint the 
shelf operation is the procedure of choice, while 
for adults surgical arthrodesis is performed at 
the level of the acetabulum after the replacement 
of the dislocated hip. [Ed. Note (J. J. F.). — ^This 
article is well illustrated and many data are 
tabulated. Interested persons should refer to 
the original.] 

Milch is of the opinion that the angle of 
abduction is an unsatisfactory guide in perform- 
ing an upper femoral osteotomj-, and the post- 
osteotomy angle is suggested instead. This angle 
represents the angle of the neck of the osteoto- 
mized femur and is measured bj' the line of the 
shaft and the line running from the "upper end 
of the osteotomized shaft to the femoral neck. 

1 13. Watson, F. C., and Berkman, E. F. : Fatigue 
(March) Fractures of Femoral Neck, J. Bone & Joint 
Surg. 26:404-405 (April) 1944. 

114. Harmon, P. H., and Adams, C. O. : Pyogenic 
Coxitis: Indications for Surgical Treatment in Residual 
and (Tironic Stages and End Results of Reconstruction 
in Fifty-Three Patients, Surg., Gvnec. & Ob=t. 78:497- 
508 (May) 1944. 

115. Milcli, H. : The Postosteotomy Angle, J. Bone 
& Joint Surg. 26:394-400 (.April) 1944. 
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leasant sense of fulness, as after a full meal, 
^nt this lasted only for an hour or two. < If 
omiting preceded therapy, it usually abated after 

lew days of amino acid therapy and the patient 
'•pressed a desire for oral feeding. Subcuta- 
icous and intrasternal infusions were not toler- 
!*ed so well as intravenous injection, because of 
ocal pain. However, in no case was there any 
lough or other sign of local damage. Intra- 
■astric feeding through a gastrostomy opening 
.as also successful, as was transgastric feeding 
am ediately postoperatively through an Abbott- 
Rawson tube. 

The daily nitrogen excretion in the control 
periods ranged from 2.25 to 10.4 Gm., the 
average being 6 Gm. While this average value 


intake. In those cases in which 200 to 300 Gm. 
of carbohydrate -was furnished, there was indeed 
a tendency toward low nitrogen excretion. In 
the cases in which there were higher excretions, 
factors other than inadequate intake of carbo- 
hydrate or the lack of fat stores were probably 
also operative, such as excessive breakdown of 
tissue due to carcinoma. 

The results shown in the table indicate that 
positive nitrogen balance can be achieved u-ith 
parenteral administration of both Parenamine and 
Cutter’s amino acids as the only source of nitro- 
gen. In only 1 case was there a complete failure 
to achieve positive balance during any period 
(case 4). In this case, even 135 Gm. of Paren- 
amine and 200 to 250 Gm. of carbohydrate daily 
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Fie 5 fcace 51 —Nitrogen balance studv in a case of carcinoma of the esophagus with loss of 4.85 Gm. of 
nitrogen ner dav with a serum protein level of 6.9 Gm. per hundred cubic cenUmeters, senim albumin level of 
4 4 Gm Ld a 'hematocrit value of 41 per cent. When 60 Gm. of ammo aads (Parenamine) was given intra- 
venousli- ner dav a positive nitrogen balance of 2.1 Gm. per day occurred, with a gam m weight of 4 pounds 
(1 8 Kg 1 The serum proteins fell to 62 Gm. per hundred -cubic centimeters, the serum albumin to 3.8 Gm. and 
the hematocrit value to 35 per cent. On 90 Gm. per day, a positive nitrogen balance of Z2 Gm. per day resulted, 
with a restoration of serum albumin. The same quantity of ammo acids postoperatively produced a negative 
nitrogen balance of 1.6 Gm. per day with a drop in serum protein and albumin, which is slight in comparison 
with^usual nitrogen losses following surgical treatment. A positive nitrogen balance of 2.1 Gm. per day was 
■also achieved when the amino acids were administered in gastrostomy feedings. 


is of the order usuall}' obtained in starvation, it 
is probablj’ a coincidence, for there were 3 cases 
of tinusuallj’ low excretion, 2 to 3 Gm. daih% 
and 2 of rather large excretions, 10 Gm. daily. 
Subjects who have lost a great deal of weight 
would be expected to show a minimal nitrogen 
excretion (2 to 3 Gm. per day) if their fat stores 
were plentiful and if at least 50 per cent of their 
caloric requirements were met by carbohydrate 


were inadequate. In other cases (cases 3, 6, 7 
and 11) a negative nitrogen balance on 60 Gm. 
of amino acids gave wa}- to a positive balance 
when 90 to 120 Gm. was used. In still others 
(cases 1. '2, 5, 8 and 9) 60 Gm. was sufficient 
to produce at least a modest positive nitrogen 
balance. This lack of consistency in the require- 
ments of amino acids for positive nitrogen bal- 
ance would signif}- that in these cases it was a 
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weight bearing is dela 3 'ed until tlic dead bone has 
been replaced. \'itallium cup arthroplastj' maj' 
offer favorable results in certain cases compli- 
cated by traumatic arthritis and aseptic necrosis. 
[Ed. eWe (L. D. B.), — This report should be 
compared with that of Bickel and Ghormley.’'® 
The most disappointing results were obtained 
when operation was performed for aseptic 
necrosis.] 


Wolin describes the case of a man u*ith a 
Charcot joint who was treated for a dislocation 
of the hip following a fall ; shortlj- after treatment 
the dislocation recurred. Roentgenograms showed 
nothing abnormal, except for the dislocation, 
until one year later, when a fracture with disor- 
ganization of the femoral head was found. 

121. Wolin, I.: Tabetic Artliropathy of Hip, Radi- 
ology 42:79-80 (Jan.) 1944, 


V. CONDITIONS INVOLVING THE FOOT .\ND ANKLE 
EMIL I>. W. HAUSER, M.I)., CHICAGO, AND ROBERT P, MONTGO.MERY, M.D., MILWAUKEE 


Dew and Wooten present a series of 58 
march fractures of the metatarsal bones involv- 
ing 55 trainees. The majority of patients failed 
to disclose an}' preexisting pathologic condition 
of the feet. i\Iarch fractures are attributable to 
the carr 3 'ing of heav}' full field equipment and 
marching of distances longer than 6 miles (9.6 
km.) on a, hard surfaced road. Local treatment 
of mild fractures consists in the use of an ice 
bag for seventy-two hours, a wliirlpool bag, a 
dail}' massage and crutches; moderate weight 
bearing within pain limit is allowed. Splinting 
of any form is not adi'ised because of the ensuing 
stiffness of the foot and the increasing morbidity-. 
The prophylactic measures advanced by the 
authors have materially lowered the high inci- 
dences of march fracture. They recommend 
gradual lengthening of the march, progressive 
increase of field equipment and, what is most 
important, marching on the soft shoulders of 
the roads or across the fields. 

Krause and Thompson report the results 
of a stud)- of 200 soldiers who sustained 220 
march fractures of tlie metatarsals between May 
1941 and August 1943. Special attention is 
given to possible predisposing factors, and the 
various theories which have been advanced to 
explain the pathogenesis of these fractures are 
discussed. The immediate cause of the frac- 
ture is the rh)-thmicallv repeated, subthreshold 
traumas incident to marching, which, acting by 
summation, reach a point beyond the abilit)' of 
the bone to bear stress. Fatigue of the calf 
muscle causes these subthreshold injuries to be 
accentuated. The clinical observations and roent- 
genologic appearances are described in detail. 
Conservative treatment restores these men to 
duty with a minimum of time lost. 

122. Dew, A., and \)'ooten. J. H., Jr.: March 
Fractures: A Series of Fifty-Eight, Mil. Surgeon 95: 
356-359 (Kov.) 1944. 

123. Krause, G. R.. and Thompson. J. R.. Jr.: 
March Fracture: An Anahsis of Two Hundred Cases. 
Am. J. Roentgenol. 52:281-290 (SepL) 1944. 


In a study of a series of 82 cases of march 
fracture, Kemodle and Jacobs felt that phys- 
iologic inadequac)' of these feet was a factor 
even in their series, although they could not 
demonstrate any gross mechanical inadequac}-. 
The fatigue element with loss of elasticit}- of 
the foot has been observed repeatedly and would 
expose the bony elements to more direct strain. 
The authors mention a suggestion that march 
fracture is based on the torsion mechanics of 
the foot and is due to an acute sinking of a 
previously well formed foot. Under stress, the 
medial portion of the anterior part of the foot 
gives way, and weight bearing is shifted to the 
second and third metatarsals, which become 
traumatized and may ultimately break down. 

The treatment is varied according to the stage 
of the fracture when seen. If the period is less 
than tyvo weeks, a short leg cast molded under 
the metatarsal heads is applied and a walking 
rubber attached for a period of three to four 
weeks, followed by physical therapy for a week, 
and a metatarsal sponge pad is worn in the shoe. 
If the time is three to five weeks and there is 
moderate callus formation, simple pads and phys- 
ical therapy with moderate rest suffice. 

Tyner and Hileman studied 166 cases of 
march fracture, securing accurate information 
as to the time the fracture occurred after the 
beginning of the march, the foot involved and 
the metatarsal involved. The blood chemistr}- 
was studied in 12 cases. Three cases are re- 
ported in detail. They believe that the most 
important factor in the production of these frac- 
tures is the increased stress on the metatarsal 
bones, induced by muscular fatigue. 

According to Breck and Higinbotham,^^® 
march fractures are felt to be due to crystalliza- 

124. Kernodle. H. E.. and Jacobs. J. E. : Metatarsal 
March Fractures. South. M. J. 37:579-582 tOct.) 1944. 

125. Tyner. F. H.. and Hileman. tV. T. : }farch 
Fractures : .An Analysis of One Hundred and Sixty-Six 
Cases. -Am. J. Roentgenol. 52:165-172 (.-\ug.) 1944. 
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P metastasizing carcinomas, ijosiiive nitro- 
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^ positive nitrogen bal- 

showed no clinical improvement 
;ein ^ precipitous drop in serum pro- 

mo great to he accounted for by the simui- 
^^aneous hemodilution. Since at autopsy extensive 
onnation of new tissue as nictastascs was ob- 
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^J^vogen balances associated with a low pro- 
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^ ^be host. 

• ^be albumin-making mechanisms, which are 
he found chiefly in the liver, may be 
enough to. prevent a rise in serum 
utnin. To this phenomenon has generally 
attributed the faU of serum albumin in 
osis of the liver, though it should be recog- 
e ^ that the continued production of serum 
etein in cirrhosis in spite of the repeated re- 
j ,. large quantities bx' paracentesis would 
irate, on the contrarx', a stimulation of al- 
*^^11 production similar to that seen in the 
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In clinical practice, it is not necessarj- to adhere 
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the purpose of nitrogen balance studied Much 
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the fracture has solidh’ healed. The metal bar 
can then be removed and used again. 

Clement reports a stud}' of 32 cases of 
march fracture in ^vhich the fracture was oblique 
in all early cases and the second and third meta- 
tarsal bones onl)’ were involved; these were 
longer than the first metatarsal bones in all but 
2 cases, and the fracture line appeared on the 
medial surface in 29 cases. The increased length 
of the second and tliird metatarsal bones de- 
ranges the normal tripod structure of the foot, 
and inarch fracture results' from stress and strain 
as a result of leverage on the bones, muscle pull 
of the lumbricalis and interosseus dorsalis mus- 
cles, which become spastic from irritation in- 
duced by marching. 

Bosshardt states that the high incidence of 
march fracture in German and Swiss armies is 
due to rigid cadence of marching. There is a 
definite difference between the occurrence in 
these bvo armies and that in the French army, 
which has an easy marching rhj'thm. American 
soldiers generallj' have led sedentary lives and 
have poor muscle tone and are therefore liable 
to have march fracture. The author believes 
that the fracture is primary and is related to a 
preexisting static disturbance of the foot, on 
which rhythmically repeated subthreshold me- 
chanical insults have been acting. The treatment 
consists in rest and in physical therapy which 
incorporates exercises especially for dorsal and 
plantar flexion at the metatarsophalangeal joints. 

Salmon’s report is based on 5 cases of 
march fracture. He relates that the absence 
of a history of direct trauma is responsible for 
some missed diagnoses. The characteristic ap- 
pearances of the bone changes in the roentgeno- 
grams are described. Immobilization and rest 
are the suggested therapeutic measures. 

Hullinger and Tyler report 313 cases of 
march fracture in recruits undergoing training. 
The series includes a small number of cases of 
stress fractures in bones other than the meta- 
tarsals. It is believed that in 100 additional 
cases there were early march fractures which 
were completed by a definite trauma, but these 
cases have not been included in the series. A 

130. Qement, B. L. ; March Fracture: A Common 
Disability of the Foot, J. Bone & Joint Surg. 26:148- 
ISO (Jan.) 1944. 

131. Bosshardt, C. E. : March Fracture: A Common 
Disability of the Foot in Militarr- Practice, Arch. Phrs. 
Therapy' 25: 41-44 (Jan.) 1944. 

132. Salmon, J. K. : March Fracture, J. Roj’. Nav. 
M. Sery. 30:1-5 (Jan.) 1944. 

133. Hullinger, C. W., and Tyler, )V. L. : March 
Fracture : Report of Three Hundred and Thirteen Cases 
Bull. U. S. Army if. Dept., September 1944, no. SO, 
pp. 72-80. 


detailed statistical analysis is made of the pos- 
sible relationship of age, weight and other fac- 
tors to the causation of the condition. The most 
interesting conclusion is that there is no pre- 
disposition to march fracture by any anatomic 
defect or variation, either acquired or congenital. 
The roentgenograms in the present series have 
been compared with three hundred roentgeno- 
grams of feet chosen at random. Measurements 
were taken of metatarsal length, width and spac- 
ing ; position and conformitj’- of sesamoid bones ; 
length and width of feet, and general formation 
of foot. “There was no essential difference in 
the average of measurements in the two groups.” 

The general conclusion is that march frac- 
tures are brought about by trauma in the form 
of repeated subthreshold insults to the bone 
caused by walking. The determining factor is 
essentially a physiologic weakness secondarj- to 
fatigue. The incidence of march fractures is 
directlj" related to the severity of the training 
program. A new training order increasing the 
load carried by a man and the amount of exercise 
taken immediatety resulted in a sharp .increase 
in the number of patients with march fractures 
admitted to the hospital. The authors favor 
treatment by immobilization in a light walking 
plaster cast. They believe that if the bone is 
not protected from strain in this way callus will 
be excessive and recovery delayed. With treat- 
ment as outlined, all but 2 of the subjects re- 
turned to the full rigorous training program 
in an average of thirty-three da)’'s from the time 
of diagnosis. 

[Ed. Note. — The incidence of march fracture 
has increased because of the war so that it domi- 
nates the literature on the foot. The various 
reports seem to be in accord with regard to 
the histor>% s^Tuptoms and findings. There is 
some variation with regard to causation, but 
most authors feel that the change in the bone 
is a matter of strain and that there is an im- 
balance between the capacity of the bony struc- 
ture and the demand made on these structures. 
The result is a disturbance which leads to the 
hypertrophic changes and the actual fracture. 
The treatment varies somewhat, although the 
consensus seems to be that more protection is 
needed, particularly in the acute phase. The 
rehabilitation of the foot to gain maximum ca- 
padty, so that the patient can carrj" out the 
duties of a soldier as soon as possible, is also 
stressed. This can be accomplished by means of 
walking casts or by means of a new derice, a 
longitudinal steel bar in the shoe. This seems 
to fulfil the prerequisites of protection of the 
metatarsal bone and early resumption of actirity.] 
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cpared by E. A. Bering Jr.,*“ made spongy 
' porous and called fibrin foam. In use it 
' soaked in thrombin, squeezed out and laid 
the bleeding surface. The texture of the 
terial presented a meshwork in which clot 
luld form, and the sponginess aided b}' drawing 
ood into the meshes. 

This material was studied on monkeys and 

■ 95 patients. It was found to have a speedy 
d reliable hemostatic effect and to be absorbed 

. the tissues with but minimal reaction. The 
)Stance was made available to the armed 
■rces, and a recent report by Woodhall re- 
ounts its satisfactory use in 226 op>erations in 
ehabilitation neurosurgerj'. 

2. Oxidized Cellulose. — The conversion of 
• Inlose (surgical cotton or gauze) to an 

■ acid b\’ the action of nitrogen dioxide 
v..iders that material soluble at the alkalinity 
jiesent in tissue juices and absorbable b}' the 
uody.’’ It was employed by Putnam as a 

ii' r for thrombin, but the recent disclosure 
r Seegers and Doub ” that thrombin is inac- 
ivated b}’ the acidity of oxidized cellulose (about 
pn 4) invalidates his results. The aciditj’ can 
be neutralized with 1 per cent sodium bicar- 
bonate and the material is then harmless to the 
clotting agent.-° In general, however, oxidized 

F. D.; Bailey, O. T., and Nulsen, F. E.: Sadies on 
Fibrin Foam as a Hemostatic Agent in Xeurosur- 
gerv, with Special Reference to Its Comparison with 
Muscle, ibid. 1:171-181, 1944. Bailey, O. T., and 
Ingraham, F. D.: Chemical, Oinical and Immuno- 
logical Studies on the Products of Human Plasma 
Fractionation; XXI. The Use of Fibrin Foam as a 
Hemostatic Agent in Neurosurgeo' ; Clinical and 
Pathological Studies, J. Clin. Investigation 23:591- 
596, 1944. Ingraham, F. D., and Bailey, O. T. . 
Clinical Use of Products of Human Plasma Fractiona- 
tion: III. The Use of Products of Fibrinogen and 
Thrombin in Surgery, J. A. M. A. 126:6S0-68a (ISiOV. 
11) 1944. 

15. Bering, E. A., Jr.: Chemical, Clinical and Im- 
munological Studies on the Products of Huinan Plasma 
Fractionation : XX. The Development of Fibrin Foam 
as a Hemostatic Agent and for Use in Conjunction 
with Human Thrombin. J. Qin. Investigation 23:oS6- 
590, 1944. 

16. Woodhall, B. : Fibrin Foam as a Hemostatic 
Agent in Rehabilitation Neurosurgeo'- J- 
126:469-471 (Oct. 21) 1944. 

17. Yackel, E. C., and Kenyon, W- O-- The O.^ida- 
tion of Cellulose bv Nitrogen Dioxide, J. Am. Chem. 
Soc. 64:121-127, 1942. Unruh, C. C. and Kenyon, 
W. O. : Investigation of the Properties of Cellulose 
Oxidized by Nitrogen Dioxide, ibii 64: 127-131,' 1942. 

18. Putnam. T. J. : The Use of Thrombin on Soluble 
Cellulose in Neurosurgeo” Clinical .-Ipplication, Ann. 
Surg. 118sl27-129, 1943. 

19. Seegers, W. H., and Doub, L. : O.xidized Cellu- 
lose and Thrombin, Proc. Soc. Exper. Biol. & Med. 
56:72-73, 1944. 


cellulose should be classed as an absorbable pack 
rather than as a thrombin carrier, and it pos- 
sesses, perhaps fortunately, a slight stj'pticits' 
helpful in prevention of ooze. 

3. Starch Sponge .-^ — This substance is non- 
irritating and readily absorbable, but the samples 
so far available have been found friable and 
impractical for use in surgical practice. 

4. Gelatin Sponge . — The recent announce- 
ment by Correll and Wise-- of the successful 
production of an absorbable, spongelike matrix 
derived from gelatin relieves the precarious de- 
pendency on human blood as the source of tlie 
foam type of thrombin carrier. Gelatin, like 
fibrin foam, is a protein but ^vith the important 
distinction of being a nonspecific, “universal’’ 
protein devoid of antigeniciW and therefore pro- 
curable from anj'- animal. Beef is ithe common 
source. Because gelatin is a soluble -Substance, 
the problem was to' convert it from a soluble to 
an insoluble but absorbable material. By suc- 



Fig. 1. — Specimens of gelatin sponge. 


ceeding at the same time in foaming it into an 
efficient sponge, which can be wetted, wrung 
out and refilled indefiniteh-, the special physical 
properties which gave success to fibrin foam as 
a thrombin carrier have been duplicated. Gelatin 
sponge is, in fact, more efficient. A cubic centi- 
meter weighs only 9 mg., yet it will absorb 
nearlj- 0.5 Gm. (forty-five times its weight) of 
water or blood (fig. 2). It is free from the 
friability of fibrin foam, can be cut with a scalpel 
without disintegration and is obtainable from the 

20. Uihlein, Qagett, O. T., and Osterberg, .-I. E. : 
The Use of O.xidized Cellulose for Hemostasis in Sur- 
gical Procedures : Preliminary Report, Proc. Staff 
Meet, Mayo Qin. 20:29-32, 1945. Seegers and Doub.^=> 

21. Bice, C. W. ; MacMasters, M. M., and Hilbert, 
G. E. : Proposed Use of Starch Sponges as Internal 
Surgical Dressings .Absorbable by Body, Science 100: 
227-^8, 1944. 

22. Correll, J. T., and Wise, E. C. : Certain Proper- 
ties of a New Physiologically .Absorbable Sponge, 
Proc. Soc. E,xper. Biol. &: Med. 58:233-235, 1945. 
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III a report of 2O0 cases of foot disorders 
selected at random from the orthopedic clinic, 
Burnham concluded that it would be better 
carefull}’ to eliminate men with severe foot dis- 
orders at the induction centers because it is 
difficult under military conditions to treat these 
disorders so that the men can perform useful 
service. He believes that an improved ortho- 
pedic shoe should be issued to all soldiers who 
exhibit some foot weakness and that the shoe 
should protect the trainee against acute foot 
strain which leads to a pes planus. He also 
urges conseiwative measures ratlier than any 
radical operation with regard to the treatment 
in military' sendee. 

Hauser states that the cause of most com- 
mon foot disorders is functional decompensation 
or an imbalance between tbe work required 
of the foot and the capacity of the foot to do the 
work. Increase in load ma)- cause this ; standing 
on hard surfaces and wearing stiff-shanked shoes 
or shoes with high, narrow heels are causative 
factors. If the foot is in valgus position, it should 
be brought into varus position. Shoe corrections 
may help; a medical wedge on the heel and a 
comma-shaped bar higher on the outside, which 
does not go under tlie fifth metatarsal bone, to 
bring the anterior part of the foot into relative 
pronation, is recommended. In addition, the 
patient must be taught how to stand and how 
to walk and given special foot exercises. He 
must have rest periods which are controlled and 
fimctional exercises graded to individual needs. 

Cleveland, ^^''illien and Doran have oper- 
ated on 25 soldiers, including 1 officer and a 
nurse. In 22 of the cases the patients’ subse- 
quent fate is known. Half of the soldiers oper- 
ated on for a single bunion returned to full dut}', 
but onh' 13 per cent of those with bilateral 
bunions returned to full dut}- after operation. 
A comparison of different operative procedures 
led the autliors to believe that Keller’s operation 
is the hiethod of choice because of good and quick 
healing, relatively simple after-treatment and a 
quicker recover}- tlian after other operations. It 
is emphasized that in general the results of oper- 
ations for hallux valg^us in soldiers are unsatis- 
factor}- and tliat no operation for bunion should 
be undertaken, especially for bilateral bunions, 

141. Bumliam. \V. H.; .A.rmy Foot Disabilities, Mil. 
Surgeon 95:20-24 (July) 1944. 

142. Hauser. F. D. \V. ; Common Foot Disorders ; 
Rehabilitation with Physiologic Exercises. .Arcit, Phys. 
Therapy 25:93-93 (Feb.) 1944. 

143. Cleveland. M. : Willien, I- J.. and Doran, P. C. : 
Surgical Treatment tor Hallux Valgus in Troops in 
Training at Fort Jackson During the Year of 1942, J. 
Bone 5: Joint Surg.. 26:531-534 (July) 1944. 


unless there seems to be a reasonable prospect 
of the soldier’s return to full duty. 

Silver and Rusbridge state that in view of 
the relative frequency of sprains of the ankle 
a method of treatment which returns the soldier 
to active duty in the shortest time with minimum 
of disability or hospitalization is greatly to be 
desired. At a station hospital in North Africa, 
74 patients with severely sprained ankles were 
treated in nine months. Of these, 67 returned 
to active duty immediately and 2 had associated 
chip fractures of the lateral malleolus ( 1 returned 
to duty immediately and the other was overnight 
in the hospital because of no transportation). 
The cases of the 6 remaining patients, who were 
hospitalized, are analyzed. 

The authors advocate a basket weave ankle 
strapping that does not encircle the leg at any 
point and that is applied with the foot at right 
angles to the leg and in neutral position regard- 
ing varus and valgus. Strapping the foot in 
inversion is condemned. Compound tincture of 
benzoin is applied to the skin prior to the strap- 
ping. Immediate use is recommended. They 
attempted to treat 5 patients with injections of 
procaine hydrochloride into the tender areas, 
without strapping. All obtained complete relief 
at once and walked out unassisted, but all re- 
turned the ne.xt day limping and with recurrence 
of disabilit}- and pain. They were then^treated 
with a basket weave type of strapping, with good 
results. 

Snow and Kraus describe a method of 
administering procaine hydrocliloride by ionto- 
phoresis for painful limitation of motion. The 
technic consists in the application of a solution 
of 1 per cent procaine hydrochloride and a 
1 : 20,000 solution of epinephrine in 80 per cent 
alcohol. A gauze pad two to four layers thick 
is soaked in the solution and placed over the 
area to be treated. A crash towel is folded tv\-ice, 
soaked in isotonic solution of sodium chloride 
and spread over the gauze. A flexible metal 
electrode which is smaller than the towel is then 
placed over it. The positive pole of a source of 
galvanic current is attached to the metal elec- 
trode. The electrode is fixed by means of band- 
ages. A neutral electrode of approximately the 
same size is moistened with weak saline solution 
and connected to the negative pole. The current 
is slowly applied and increased to 20 milliam- 
peres and permitted to flow for twenty minutes. 

144. Silver. C. M.. and Rusbridge. H. W", : Tlie 
Treatment of Sprains of the .-tnklc. if. Bull. Xorth 
.\frican Theat. Op. (no. 5) 1:20-25 filay) 1944. 

145. Snow, \V. B.. and Kraus. H. : Xovccaine Ionto- 
phoresis for Painful Limitation of Motion. Mil Surgeon 
95:360-362 (Xov.) 1944. 
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iuded operations for brain tumor, subtemporal contributions they have rendered to the new 
''compression, elevation of depressed skull frac- technic. 

■ ’■e, scalenotomy, ligation of the carotid artery Method of Using Gelatin Sponge: The con- 
d laminectomy. The material was found e.x- trol of bleeding by the use of gelatin sponge 
i-jjuonally cfheient and reliable in controlling soaked with thrombin may be compared to re- 
1'' tj’pcs of bleeding for which the patch technic pairing a tire b}- the use of a rubber patch and 
suitable, and it afforded easier handling, wider a vulcanizing substance. Gelatin sponge is the 



FiV 4^1.- after implantation on injured brain, showing l}-mphoc>-tic and giant 

cell r»’ sponge tve t> i o-elatin sponge thirtr da3-s after being embedded in brain. Mate- 

ceU reaction and breaking up of material. B, gelatin - 

nal is disappearing, and there is lymphocjdic and giant cell reacnon. 


latitude of application and fewer failures than 
did fibrin foam. Fundamentally, however, fibrin 
foam and gelatin sponge serve the same pur- 
poses, and the extensive experiences with fibrin 
foam reported by Ingraham and Bailey and b> 
M'oodhall should be consulted for the important 


patch and thrombin the vulcanizer. WTiereas, 
however, the tire patch itself is impervious, the 
gelatin has been foamed — for a spedal reason — 
into a porous sponge and becomes an impervious 
seal onh' after blood flows into the meshes, mi.xes 
with thrombin and clots. ' 
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toot in full dorsiflexion. A cast was worn two 
weeks, and roentgen ray check-up showed a 
normal left ankle. On this day the cast was 
removed and weight bearing allowed. In four 
days the swelling was no longer present, and 
good motion of the joint was present without 
pSIn or stiffness. The patient was discharged 
vjTfull duty in approximately four weeks after 
tats injury. 

Braun expresses great satisfaction in the 
•^isults he obtained by consen-ative therapy for 
bilateral acquired pes cavus deformities of severe 
degree in a 24 3-ear old seaman. The treatment 
consisted in manual stretching of the contrac- 
tures, restoration of the articular function b}' 
manipulation, fulcral. felt blockings and strapy- 
pings, pln-sical therapy and an appliance to 
establish proper balance of the feet with weight 
bearing. He states that this case demonstrates 
what success can be obtained b}’ an intelligent 
approach to this condition. 

Bo3-d reports 4 additional cases of talon- 
avicular S3-nostosis, the patients being a white 
girl of 10 years, a white bo}' of 10 3'ears, the 
boy’s father aged 45 and the boy’s grandmother 
aged 72. The relationships of the last 3 patients 
suggest a hereditar3- nature of the condition. 

Cohen reports an additional case (20 pre- 
vious cases have been reported in the literature*) 
of osteochondritis dissecans of the astragalus. 
An operation two weeks after the trauma af- 
forded an opportunity to note capsular damage 
(ecclwmosis) which may account for this lesion. 
Necrosis was rapid and probabl3" occurred, im- 
mediately after the vascular damage or, at most, 
within several weeks. A description of the ob- 
ser\'ations at operation for the removal of the 
osteochondritic body, the microscopic pathologic 
clianges and the differential diagnostic points 
between an osteochondritic bod}- and a post- 
traumatic osteochondral fracture are presented. 

Croce and Carpenter state that tearing of 
the plantaris tendon or tennis leg occurs most 
frequentl}' in middle-aged persons. The s}-n- 
drome does not cause much disabilit}' and has 
not been widel}- investigated. The immediate 
cause of this syndrome and the end result are 
not definitel}- known. The authors present a 
case histon- which is unusual for three reasons : 
1. The cause was direct trauma. 2. The tear 

149. Braun, G. S. : Bilateral Pes Ca\-us : A Case 
Report, U. S. Nav. M. Bull. 43:346-348 (Aug.) 1944. 

150. Boyd, B. H. : Congenital Talonavicular S>-no5- 
tosis, J. Bone & Joint Surg. 26:682-686 (Oct.) 1944. 

151. Cohen, H. H. : Osteochondritis Dissecans of the 
.Astragalus, Bull. Hosp. Joint Dis. 4:86-91 (Oct.) 1943. 

152. Croce, E. J., and Carpenter, G. K. : Rupture of 
the Plantaris Muscle, J. Bone & Joint Surg. 26:818-820 
(Oct.) 1944. 


occurred near the origin of the muscle bell}-. 
3- The injury resulted in a degenerative tumor 
of the muscle. It would seem that the plantaris 
tendon was torn from its origin along the linea 
aspera and probably deprived of its blood supply 
and a degenerative reaction of the belly of the 
muscle resulted. 

Bickel and ^loe have described an opera- 
tive procedure for the relief of parahtic cal- 
caneal deformity of the foot resulting from polio- 
myelitis in 13 patients. The method consists 
in translocating the peroneus longus tendon by 
sliding it intact around the lateral border of the 
heel into a groove in the midline of the os calcis 
in an attempt to improve on the results obtained 
when the peroneal tendon is cut and trans- 
planted into the tendo Achillis. They concluded 
that the best results were obtained when the 
operation was done on patients who had slight 
remaining power in the gastrocnemius muscles 
and fair or better power in the transposed per- 
oneal muscle. It was their opinion that the 
results were strikingly better than if the peroneal 
tendon had been cut and then transplanted into 
the tendo Achillis. 

A case of hereditar}- malformations of the 
hands and feet has been traced through four 
generations by Stiles and Pickard.^^^ The de- 
fects in the extremities ranged from gross split- 
ting of the hand or the foot to slight abnormali- 
ties of the digitis. An inspection of the pedigree 
reveals that the trait may be inherited as a single 
dominant. Modif}-ing genes, environmental fac- 
tors or a combination of both may be responsible 
for the extreme pol}-morphism of the character. 

Experimental fractures in rabbits were treated 
by Blum with phosphatase and calcium gly- 
cerophosphate with and without an anchoring 
medium (an alginate gel) employed to prevent 
the too rapid diffusion of the introduced enz}-me 
from the region of the bone gap. Enzyme and 
substrate were either injected into the gel, which 
had been pressed into the bone gap, or were 
injected into the bone gap, in which the gel 
was subsequently formed in situ. Progress of 
repair of the bone was followed by roentgeno- 
grams and by histologic examination. The 
treated fractures showed acceleration of repair 
as compared with untreated controls. 

153. Bickel, tV. H., and Atoe, J. H. : Translocation of 
the Peroneus Longus Tendon for Paralrtic Calcaneus 
Deformiw of the Foot, Surg., Gi-nec. & Obst. 78:627- 
630 (June) 1944. 

154. Stiles. K. -A., and Pickard, I. S. : Hereditarj- 
Malformations of the Hands and Feet, J. Hered. 34: 
341-344 (Nov.) 1943. 

155. Blum, G. : Phosphatase and the Repair of Frac- 
tures, Lancet 2:75-78 (July 13) 1944. 



LOVELL—SKIN BACTERIA 


79 


■ \v Staphylococcus albus. Other bacteria, in- 
uding Staplu’lococcus aureus and Escherichia 
’i, and a nonpathogenic fungus were present 
ccasionallv in small numbers. 


The number of organisms obtained from the 
wound just before closure was considerably 
greater than the numbers recovered in the first 
two cultures. This' is probably due to the fact 


Table 1. — Results of Culture in Cases of Inguinal Herniorrhapy 


OiKTa- 

tlon 

Cnlture of Stin 
Before Incision, 
dumber and Type 
of Colonies 


Culture of Wounif 

After Incision In Skin, 
Rumber and Type 
of Colonies 

Culture of Wound 

Before Closure, 

Number and Tyi« 
of Colonies 

Culture of Stln 

After Operation, 

Number and Type 
of Colonies 

1 

L<ft: no prowth 

Ripht: 1 Iimfru': n Stnpli. 
nlbus 

1 Staph, albus 

No proirth 

1 B. subtills 

D Staph, albus 

1C4 Staph, albus 

2CC Staph, albus; 1 fungus 

n 

No ETOirth 


Ro growth 

2 Staph, aureus; 1 Staph, 
albus 

7Q Staph, albus 

o 

2 Staph, nlbus 


2 B. fubtilis; 1 Etoph. 

CllTCUS 

1 B. subtills 

Uncountable Staph, albus 

4 

RIglit: C Storh. albus 


CC staph- albus 

ICO staph, albus 

Uncountable Staph, albus 
and citreus 


Left; LI Staph, albu.'; 
B staph, aureus 


4 Staph, aihus 

21 Staph, nlbus 

Uncountable Staph, albus 
and citreus 

5 

BE.coIi 


No growth 

12 Staph, albus: 2 E. coil 

Uncountable Staph, albus 

G 

Right: no grouih 


2 Staph, albus 

CG Staph, albus 

Uncountable Staph- aureus 
and albus 


Left: no growth 


3 Staph, albus 

4CO staph, albus; iOsarcina 

Uncountable Staph, aureus 
and albus 

7 

Right: 1 Staph, albus 

Left: 1 fungus 


No growth 

No growth 

No growth 

400 Staph, albus and citreus 

Uncountable Staph, albus and 
citreus; ICO E. coli 

Uncountable Staph, albus 
and alpha; streptococci 

s 

Ko groTTth 


20 Staph, albus 

S Staph, aureus: 105 Staph, 
albus 

Cncotmtable Staph, aibns 
and E. coli 

9 

Eo growth 


Eo growth 

No growth 

4 Staph. Blbn=; 1 fongns 

10 

1 sarcina 


2 Staph, albus; 1 fungus 

25 Staph, albus 

Uncountable Staph, aibns 



Table 2.— Results of Culture 

in MisceUaneoits Operations 



Operation 

Culture of Skin 

Before Incision, 
Number and Type 
of Colonies 

Culture of Wound 
After Incision in Skin, 
Number and Type 
of Colonies 

Culture of Wound 
Before Closure, 
Number and Type 
of Colonies 

Culture of Skin 
After Operation, 
Number and Type 
of Colonies 

1. Cholecystectomy and 
appendectomy 

2. Radical mastectomy 

2 Staph, albus 

25 Staph, albus; 

6 Staph, aureus 

No growth 

No culture 

Uncountable E. coli 

11 Stapb. albus; 1 
fungus 

20 Staph, albus; 

5 E. coil 

120 Staph, albus 

3. Colectomy 

1 Staph, aureus 

1 Staph, citrens 

32 Staph, albus and 
citreus 

10 Staph, albus 

4. Posterior gastroenter- 
ostomy 

Uncountable B. sub- 
tills; 1 Staph, albus 

5 B, subtilis 

1 Staph, albus 

Uncountable B. sub- 
tDls; 1 Staph, albus 

5. Radical mastectomy 

2 Staph, albus 

No culture 

12 Staph, albus; I 
fungus 

31 Staph, albus; 2 
fungi 

G. First stage thoracoplasty 

No growth 

No growth 

No growth 

1 Staph, albus; 1 
fungus 

7. Repair o£ ventral hernia 

32 Staph, aureus 
and albus 

4S Staph, albus and 
citrens 

12 Staph, albus 

75 Staph, albus 

S. Snbtotal thyroidectomy 

3 fungi 

No growth 

1 Staph, albus; 2 
fungi 

SO Staph, albus; 2 
fungi 

9. Exploratory laparotomy 
10. Radical mastectomy 

No growth 

No growth 

2 Stapb. albus 

No culture 

32 Staph, albus 

1 Staph, albus 

S2 Staph, albus 

13S Staph, albus 


In the second culture, it is shown that in most 
instances a few organisms are carried into the 
wound with the skin knife. They are of the 
same varietj' as those obtained from tlie surface 
of the skin, are relatively nonpathogenic and 
belong to the resident flora. 


that the bacteria which gained entrance to the 
wound multiplied during the time of ofjeration. 
Some of them possibh- gained entrance to the 
wound in perspiration flowing over the skin 
edges, regardless of the fact that towels were 
closely applied. These bacteria also belong to the 
resident flora and are relatively nonpathogenic. 
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In the majority of diseases of the upper part 
of the abdomen, the sj-mptoms are sufficiently 
well defined to permit a definite diagnosis. Prob- 
ably the most prominent exception in this respect 
is the pancreas. At the same time, this organ 
is often involved in pathologic conditions of the 
surrounding viscera and even in diseases of more 
remote regions. The problem of pancreatitis is 
the old problem of abdominal surgerj’ and, since 
a direct attack on the pancreas is as yet fraught 
with so much danger, a proper consideration of 
prepancreatic and peripancreatic disease, together 
with the etiologic factors as forerunners of acute 
and of chronic pancreatitis, becomes of vital im- 
' portance. There is ample evidence ^ to prove 
• that cholecystitis and acute and chronic pan- 
creatitis coexist in a large percentage of cases, 
'• but the cause of such coexistence is still obscure. 
'■ Where does the provocative agent come from ? 
Among the many explanations of the cause of 
pancreatitis, the one attributing the condition to 
, a reflux of bile into the pancreatic duct seemed 
■ the most plausible to the greatest number of 
clinicians until Rich and Duff,“ seeking the cause 
of acute hemorrhagic pancreatitis in cases in 
which there was no ampulla of Vater, conclu- 
sively demonstrated that in some cases acute 
hemorrhagic pancreatitis is due to metaplasia of 
the epithelium of the duct with associated dilata- 
tion of the duct and acinar rupture behind the 

From the Department of Surgerj-, Johns Hopkins 
Uiuversit 3 - School of Medicine and Hospital, and the 
Department of Surgerj-, Duke Universitj- School of 
Medicine and Hospital. 

1. Edgahl, A. : A Review of One Hundred and Five 
Reported Cases of Acute Hemorrhagic Pancreatitis, with 
Special Reference to Etiologj-, \\-ith a Report of Two 
Cases, Bull. Johns Hopkins Hosp. 18:130, 1907. Maj-o, 

J. : The Surgical Treatment of Pancreatitis, Surg., 
Gj-nec. & Obst. 7:607, 190S. 

2. Rich, A. R., and Duff, G. L. : Experimental and 
Pathological Studies on the Pathogenesis of .Acute 
Hemorrhagic Pancreatitis, Bull. Johns Hopkins Hosp. 
58:137, 1936. 


obstructing metaplasia. .A.nd yet a cursory re- 
view of the literature on acute pancreatitis is 
sufficient to impress on one that there is still 
a striking lack of agreement among investigators 
concerning the cause. In order to understand 
the problem, it is necessary to assemble all the 
information available and then to weigh the inter- 
relations of these facts. 

HISTORICAL ASPECTS 

The earlier anatomists, among them Galen and 
Vesalius, gave little thought to the pancreas, 
believing that it acted as a cushion to support 
and protect the stomach and adjacent structures ; 
and it was not until 1641 that Moritz Hofltmann 
first discovered the duct of the pancreas while 
working on a rooster and showed his findings to 
Wirsung, who one year later dissected the duct 
in the pancreas of a human body, thus making 
possible a proper interpretation of its physiology. 
In a letter to Jean Riolan Jr., professor of anat- 
omy in Paris, Wirsung gave the world the first 
account of his important discovery. Wirsung 
had a drainage of the duct reproduced on a copper 
plate,® from which but few copies were struck 
off. According to Choulant,^ only two copies 
are known to be preserj-ed. Schirmer ' saw- 
one in the Universitj- of Strasbourg and had a 
photolithographic reproduction of it made. 

To G. Dominici Santorini ® belongs the credit 
for the first description of the accessory pan- 
creatic duct and for the first representation ap- 

3. Wirsung, G. : Figura ductus cuiusdam cum mul- 
tipiidbus suis ramulis noviter in pancreate observ-, 
Padoue, 1642. 

4. Choulant, J. B. : Geschichte und Bibliographic der 
anatomische Abbildungen, Leipzig, R. Weigel, 1852. 

5. Sdiirmer, A. M. : Beitrag zur Geschichte und 
Anatomic des Pankreas, Inaug. Dissert., Basel, L Rein- 
hardt, 1893. 

6. Santorini, G. D. : .Anatomici summi septemdeinm 
tabulae. Parmae, ex regia tj-pog., 1775, p. 150, tabulae 
XII and XIII. 
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3 t feasible surgically or has not been complete 
)r one reason or another recurrence has been 
le rule. Furthermore, in patients with multiple 
:sions the surgical attack on one of the lesions in 
SEOciation with the use of penicillin will result in 
,ic healing of the lesion subjected to operation, 
.’hile the other lesions remain uninfluenced until 
uch time as they are in turn subjected to oper- 
tive therap_v in conjunction with the administra- 
ion of the drug. 

The necessity for the surgical eradication of 
-he osteomyelitic lesion creates of itself the dif- 
acult problem of healing the resultant rigid- 
walled cavity. The only exceptions are those 
instances in which amputations are performed. 
Healing can be accomplished b}' one of 
two methods. The usual method resorted 
to in recent times depends on the filling of 
the rigid-walled cavitj* with granulation tissue 
from tlie depth and peripher}’ of the wound to its 
surface and tlie subsequent epithelization of the 
debrided area. The success of this method de- 
pends largely on the speed with which these 
granulations fill the wound. Unfortunately, the 
grou'th of granulation tissue proceeds satisfac- 
torily to a certain point, subsequent to which 
growth becomes unequal in various parts of the 
wound and unduly prolonged. Healing finally 
comes to a standstill in many instances, resulting 
in the formation of sinuses and failure of closure 
of the wound. This is due to the gradual 
conversion of the aging granulation tissue 
at the peripher}- of the wound into fibrous 
tissue, resulting in the shutting off of the blood 
supply, as is characteristic of the formation of 
scar tissue. It therefore becomes evident that 
this method of healing of the saucerized area 
depends chiefly on the rapidity with which the 
granulation tissue proliferates to fill the cavit}’, for 
any undue delay results in the shutting off of 
the blood supply b}"- the normal process of cicatri- 
zation. 

The second method of healing of the saucerized 
area depends on various plastic procedures to 
obliterate or fill the rigid-walled cavity in associa- 
tion with primarj' or dela3'ed closure of the 
wound. The use of foreign substances was for- 
merh' resorted to in an effort to obliterate the 
dead space. These procedures have usually failed 
because the antibacterial agents hitherto available 
were unable to control the element of infection of 
the hematoma, which perforce is present to a 
vari'ing degree. 

EXPERIMENTAL STUDIES 

It is with these thoughts in mind — namety, the 
past histoty of the trials and the tribulations of 
the therapj' of chronic osteom3-elitis,'‘ the patho- 


logic status of the lesions and the problems en- 
countered in the healing of this stubborn dis- 
ease — that we have undertaken the project to 
study the usefulness of penicillin against this 
dread disease under a contract between the Office 
of Scientific Research and Development and the 
Hospital for Joint Diseases, on the recommenda- 
tion of the Committee on Medical Research. 

Procedures. — Each case was subjected to a pains- 
taking review of the patient’s historj-, physical observa- 
tions and serial roentgenograms (when available), in 
order to evaluate the previous course of the disease. 
Bacteriologic examination included repeated cultures 
of the lesions and determinations of the susceptibility of 
the organisms to penicillin. Studies of the effect of the 
development of resistance to penicillin on the patho- 
genicity and physiologic processes of the organisms will 
be the subject of a separate report. Repeated determi- 
nations were made of the concentration of penicillin in 
the blood and urine of each patient by the method de- 
scribed by Rammelkamp.® In several instances the bone 
removed at operation was tested for the presence of 
penicillin. .'\s a consequence of the observations cited 
in the introductorj’ remarks, all but a few of the patients 
were subjected to an extensive saucerization operation. 

Dosage . — With a few e.xceptions, all the patients re- 
ceived 20,000 units of penidllfn intramuscularly everv- 
three hours. Infants and young children were given 
10,000 units, as were also a few of the adults treated 
at the outset of this project The duration of penidllin 
therapy depended on the clinical course of the patient 
The total dose for each patient is recorded in tables 
1 to 4. 

In general, the size of the dose of penicillin 
administered was reflected in the concentration 
of penicillin in the patient’s blood and urine. 
With a constant dose, the concentration of peni- 
cillin in successive samples of blood and urine 
from the same patient tended to be fairty constant. 
Raising or lowering the dose generalty resulted 
in an increase or a reduction, respectivety, of 
the blood level of the drug. However, variations 

4. Buchman, J., and Blair, J. E. : Maggots and Thdr 
Use in the Treatment of Chronic Osteomv'elitis, Surg., 
Gj-nec. & ObsL 55:177-190 (.A.ug.) 1932. Buchman, J.: 
Rationale of the Treatment of Chronic Osteomyelitis 
with Spedal Reference to Maggot Therapy, Arm. Surg. 
99:251-259 (Feb.) 1934. Blair, J. E., and Hallman, 

F. A. : Staphylococcal -Antihemolysin-Titers Following 
Staphylococcal Toxoid in Chronic Osteomyelitis, Proc. 
Soc. lExper. Biol. Sc iled. 34:637-642 (June) 1936. 
Buchman, J. : The Use of Staphylococcus Toxoid in the 
Treatment of Chronic Osteomv-elitis, J. A. iL A. 108: 
1151-1156 (April 3) 1937; The Rationale and Results 
of Maggot Therapv in Chronic Osteomvelitis, New York 
State J. lied. 39:1540-1553 (Aug. 15)'l939: The Treat- 
ment of Chronic Osteomyelitis, S. Qin. North America 
122:581-595 (.■\pril) 1942; Osteomyelitis, in Litchfield. 

H. R., and Dembo, L. H. : Therapeutics of Infancy and 
Childhood, Philadelphia, F. .A. Davis Company, 1942, 
vol. 4, chap. 87, pp. 3732-3768. 

5. Rammelkamp, C. H. : .A Method for Determining 
the Concentration of Penicillin in Body Fluids and 
Exudates, Proc. Soc Exper. Biol. & Med. 51:95-97 
(Oct.) 1942. 
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the body and the tail of the pancreas develop. 
Diverse views are still entertained concerning 
the duplicit}' of the ventral anlage, which arises 
in close proximit}’ to the common duct. Some 
maintain tliat the bud is single, while others 



Fig. 1. — Pancreas of a human embryo: A, fifth week; 
h seventh week. 


rounded b}- pancreatic tissue; pancreatic tissue 
ma}' occur even in the wall of the duct itself. 

This relation of the exact point of origin of 
the persisting ventral bud to the common duct 
determines tlie final relation of the main pan- 
creatic duct to the common duct. If the pan- 
creatic anlage has gro^vn out from the wall of 
the common duct itself, the final pancreatic duct 
will open into the ampulla of the common duct. 
If the pancreatic anlage has grown out from 
the wall of the common duct itself, the final 
pancreatic duct will open into the ampulla of 
tlie common duct. If the pancreatic anlage has 
grown out from the wall of the gut in close 
proximity' to the common duct, the openings of 
the two ducts will be in close proximity, yet the 



; • Fig. 2. — A, the most constant arrangement of the pancreatic ducts; B, specimen with three papillae; C, dis- 

i. ted specimen of an adult pancreas shoiving an embryonic tj-pe of duct system in which the accessory duct 
f. lies most of the pancreatic secretion; D, dissected specimen of an adult pancreas showing an unusual loop 
1; ifiguration of the main pancreatic duct. 


r;i- )ld that at the beginning it consists of two 
.teral halves which subsequently fuse or one 
^ f which disappears, perhaps forming the source 
’’.C if aberrant pancreatic tissue often found along 
> he wall of the gut. As development progresses, 
die ducts unite, as shown in figure 1 B, the 
duct of the dorsal anlage undergoing a certain 
degree of atrophy' at its duodenal end to pro- 
■f' duce the adult arrangement, shoyvn in figure 2A. 

The close relationship between this portion of 
jir the pancreas and tlie common duct is thereby 
explained. Depending on the eccentricities of 
development, tlie relationship yvill y’ary- some- 
yvhat: the common duct may be entirely sur- 


pancreatic duct may really open into the intes- 
tine and not into the ampulla at all. 

The facts seem to be these; Both buds de- 
velop by groyvth in continuitj', the dorsal bud 
giving origin to all of the gland except that por- 
tion of the head in close proximity to the com- 
mon duct and the intestinal wall. The persisting 
ventral bud grows out but a little yvay and then 
fuses yvith the dorsal bud, giving origin to but 
a small part of the glandular tissue of the caudal 
part of the head of the pancreas. In the majority 
of cases the duct s}'stem of this ventral anlage 
becomes the more important duct system from 
the point of fusion of the two anlages to the 
yvall of the gut (fig. IS). 
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onsiclcrable shorter period than when the pre- 
eding technic was used. 

In this group secondarj' invaders were en- 
countered in about SO per cent of the lesions. It 
is noteworthy that B. pyocyaneus and B. proteus 


were only occasional!}' found, even though other 
secondar}' invaders occurred together with 
staphylococci in tlie majority of lesions. B. 
pyocyaneus and B. proteus were found in only 4 
of 15 wounds, and in only 2 of these did they per- 


T.cble 3. Lesions Treated by the Admimstralion of Penicillin and Sauccrization; IFomuls Subjected to 

Delayed Closure 


Case 
and 
Lesion 
Uo., 
A EC, 
Sos 


Lesions 


Penicillin 


CuUnres 


Site 


Other 

Lesions 



ce 



o 



o 5 £ Date of 
^ iSk Operation 


Comment 


3-4 

2S 

il 

Spine 

10 

mo. 

12-19 

Radius and 

7 

39 

M 

elbow Joint 

mo. 

13-21 

SG 

Hip 

24 

14-22 

IS 

F 

Tuberculosis o{ 
scapula with 
secondary 
staphylococcic 
Infection 

3 

15-24 

16 

P 

Soft tfssue 
sfnus, thigh 
femur 

o 

16-25 

10 

P 

nium 

2U 

17-26 

<y> 

M 

Humerus 

11 

mo. 

lS-27 

29 

M 

Tibia 

25 

19-2S 

54 

P 

Hip 

60 

21-SO 

49 

M 

Spine, with 

multiple 

slnnses 

14 

22-31 

2^ 

M 

Tibia 

11 

23-32 

39 

H 

Tarsus and 
metatarsal 

23 

24-34 

12 

F 

Femur 

1 

2S-44* 

50 

M 

Spine 

9 

mo. 

4S-67 

14 

P 

Tuberculosis 
of hip with 
secondary 
staphylococcic 

Infection 

4 


Tibia 

10 

9 

9 

6S6 

Tubercu- 
losis of 
same elbow 

20 

22 

15 

33G1 

Ankylosed 
hip ^th 
Intrapelvic 
soft tfssue 

20 

10 

32 

1306 

sinus into 
rectum 





Kone 

20 

16 

20 

2471 

^'one 

20 

9 

28 

1196 

Kone 

20 

15 

13 

1901 

TOIa; 

carbuncle 

20 

19 

22 

3440 

on back 





Kone 

20 

16 

16 

1795 


10 




Kone 

20 

24 

29 

3121 


10 




Both tibiss 
(inactive) 

20 

12 

25 

15S1 

Kone 

20 

15 

10 

1646 


10 




Kone 

20 

10 

IT 

1273 

Metacarpal 

20 

12 

IG 

1530 

Kone 

20 

13 

15 

201S 

Kone 

20 

1C 

26 

2176 


10 





Sa 

Sa 

Sa 

-1* 

5/ 5/44 

SI 

S! 

Si 


Sa 

Sa 

Sa 

0 

7/1S/44 



SI 



Sa 

Sa 

+ 

9/ 5/44 



SI 



Sa 

si 

Si 

•• 

8A5/44 

Sa 




8/ 8/44 

SI 

81 

si 



Sa 

Sa 

Sa 

0 

8/15/44 

Sa 

St 

St 

•• 

6/15/44 

•• 

Sa 

SI 

•• 

8/22/44 

Sa 

Sa 

SI 

•• 

8/15/44 



Si 


8/23/44 


St 




Sa 

St 

si 


8/29/44 

Sn 

Sa 

Sa 

0 

9/ 5/44 

Sa 


Sa 

0 

9/ 5/44 



Si 



St 




Sa 

Sa 

Sa 

SI 


9/29/44 

Sa 

Sa 

Si 


s/22/44 


Large eancerized area healed in 
31 days; see table I, lesion 3-5 
and table 2, lesion 3-6; healed 
at 10 months 

Diagnosis of tuberculosis made 
on mIcTOECOpIc section; opera- 
tive wound healed in 4 weete: 
preoperative sinus left undis- 
turbed and continued to dis- 
charge; see table 4, lesion 12-20 

Failure; slnnses persist; surgical 
eradication of lesion impossible 


Sinus outside of operative field 
persisted; operative wound 
healed per primam 


TVound contaminated with B. 
coli; healed In 43 days; healed 
at 5 months 

Sutures tied on third day; wonnd 
healed on 14th day postopera- 
tlvely 

Wound and sinus healed In 16 
days; carbuncles developed on 
bact on S6th day postopera- 
tlvely; humerus healed at 6 
months 

FaDure because of slough of 
Eldn; pinch graft 7 weeis post- 
operatively; healed 6 weeehs 
later; penicillin Ineffective; 
healed at 6 months 

Sinuses were not excised or dosed 
at operation; sinuses persist 
9 months postoperatively 

Transversectomy performed; com- 
plete eradication of focus and 
extensive sinus teact Impos- 
sible; aH wounds healed in 
4 weehs; sinuses recurred 2 
months after operation 

Healed In 5 weets; part of stin 
sloughed; this healed In 8 
weeks; healed at 7 months 

Wound broke down; believed to 
be because of Inadequate sur- 
gical treatment; see table 2, 
lesion 23-33 

Sinus outside operative field not 
dosed St operation; discharge 
Jjerslsted; see table 4, lesion 
24-35 

Sinus persisted at 9 months 


Healed per primam, save at one 
point which was subsequently 
found to harbor a foreign 
body; see table 4, lesion 45-63 


♦ Patient treated by another member of the orthopedic staff and included through his courtc.«v. 
Sa-- Staphylococcus aureus, coagulase posIUve. 

SI Secondary Invaders. 

a? Z! itanhvlococd developed Increased resistance to penicillin. 

Staphylococci did not develop Increased resistance to penicillin. 
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)nent parts; in like manner, a comparison 
relationship between the bile duct and the 
eatic duct reveals great variability. Fur- 
ore, the method by which the bile duct and 
eatic ducts enter the duodenum is exceed- 
\'ariable. not only in closely related species 
1 individuals of the same species. Prac- 
• all textbooks of anatomy -* describe these 
lucts as usuallj- uniting to form a common 
lel at their duodenal extremities. 

M.^TERI.^L 

material in this study consisted of both fresh and 
dult human pancreases obtained from the autopsies 
department of pathologj- and fi.ved specimens from 
epartment and also from specimens used in the 
5 dissecting courses in the department of anatomy 
ns Hopkins School of Medicine. The pancreases 
from 150 men and 100 women ranging in age 
19 to 83 years. Death in no instance was caused 
athologic process localized in either the duodeninn 
pancreas. 

entire work on the accessorj- pancreatic duct was 
i out on 100 fresh autops 3 ' specimens, because dis- 
1 of the duct after fixation was often difBcult and 
times the patencj’ of the duct could not be accu- 
determined. The work on the main pancreatic 
ind the common bile duct was carried out on 250 
lens, 100 of which were fresh and the remainder 
lich were fixed, because of the difficulty encoun- 
in preserving the delicate membranous septum 
often separates the duct of Wirsung from the 
on bile duct.=® 

METHODS 

; main pancreatic duct was first located by gross 
tion in the middle of the neck of the gland, where 
ancreatic tissue overlies the superior mesenteric 
s. Here the duct comes wthin 2 to 3 mm. of the 
:e and can readily be followed in either direction. 
; accessory duct was most quickl 3 ' found 83 ’ follow- 
he main pancreatic duct along its ventral surface 
d the duodenum. In these anomalous instances in 
I the duct could not be found b 3 ' this method or 
rich there was no apparent conununication between 
ucts, the second part of the duodenum was opened 
its right free border and the position of the minor 
a ascertained. Then, this being used as a guide, 
:cessor 3 ' duct was sought for in the glandular tissue 
ilad to the level of the papilla. In those instances 
hich no commimication between the main and the 
sor 3 ’ duct could be demonstrated even after pains- 

Gray, H. : Anatom 3 - of the Human Bod 3 -, edited 
1. H. Lewis, ed. 22, Philadelphia, Lea & Febiger, 
p. 1191. Morris, H. : Morris’ Human Anatora 3 ', 
3 by C. M. Jackson, ed. 9, Philadelphia, P. Blakis- 
Son & Co., 1933, p. 1287. Cuimingham, D. J.: 
lingham’s Textbook of Anatomy, edited by A. 
nson, ed. 5, New York, William Wood & Compan 3 ', 
p. 1194. Piersol, G.- M. : Human Anatom 3 -, 
d 83 - G. C Huber, ed. 9, Philadelphia, J. B. Lippin- 
Compan 3 -, 1930, p. 1737. 

. Abeberr 3 ’ Oneto, : Anatomia del duodeno y 
reas, Semana med. 27:395, 1920. 


taking dissection, the patency of the accessory 'duct and 
the minor papilla was established by inserting a small 
needle into the main duct and injecting air imder 
minimal pressure while the entire spedraen was sub- 
merged in water. If no bubbles emerged from the minor 
papilla, a h 3 ’podermic needle was inserted into the acces- 
sor 3 ' duct to establish the patency of its duodenal end. 
Minimal pressure was used in order to avoid bursting 
of any natural barrier which might have been present 
at the blind duodenal end of the accessor 3 ' duct. 

If then no communication could be established, the 
main duct was injected with meth 3 -Ithionine chloride or 
eosin after the accessory duct had been ligated where 
the h 3 'podemiic needle had been inserted to test the 
patenc 3 - of its duodenal end. Regurgitation of the dye 
evidenced the presence of a communication between the 
ducts. 

The relation of the main pancreatic duct to the ter- 
minal part of the common duct was ascertained 83 - 
incising the common duct near the entrance of the 
cystic duct and then opening it to its termination. 
Likewise, the pancreatic duct was followed from its 
communication with the accessory duct to its duodenal 
end, to ascertain what part, if an 3 ', it played in the 
formation of an ampulla. Careful measurements of the 
distance of the opening from the duodenal end of the bile 
duct were made with cah'per points and recorded. 

No attention was given to a study of the intestinal 
valves. The duodenum was opened along its right free 
border, and the major and im'nor papillae were identified 
in all specimens. Locating the major papilla presented 
no difficult 3 -; the same, however, was not true of the 
minor papilla. Man 3 * times only after the most careful 
search could the minor papilla be found. 

THE MAIN PAXCRE.ATIC DUCT 

The main pancreatic duct begins in the tail 
of the gland trough the convergence of several 
small duct radicles and pursues a more or less 
tortuous course through the body of the gland, 
approximating the dorsal and cephalic portions 
of the gland. In the head, hotvever, the duct 
inclines caudally and dorsaUy, forming a wide 
arc with its convexity^ to the right, as it ap- 
proaches the dorsal surface of the head of the 
gland. Reaching the level of the terminal part 
of the common duct, it runs horizontally to join 
with the caudal aspect of the common bile duct 
to form the major duodenal papilla. 

In the 100 specimens studied for this purpose 
the tributaries of the main pancreatic duct in 
the body of the gland were observed to join the 
duct almost invariably at right angles and also 
to alternate 3vith tributaries of the opposite side 
in the level at which they joined the duct (fig. 

2 A). The same arrangement 3vas also present 
in the radicles of these tributaries, except in 
the head of the gland, in which this conformity 
was frequentlj' departed from, both as to the 
position of the tributaries and as to their angle 
of jimction. In 61 instances there was found 
a moderately large unpaired trunk, as shown 
in figure 2 .<4, which drained the small lobe of 
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first time in 5 years; healed at 
416 months 


Healed per primam; small hema- 
toma evacuated spontaneously; 
healed at 216 months 

“Wound healed per primam, save 
for serosanguineous discharge 
from hematoma; completely 
healed on 42d day postopera- 
tively; this lesion "was saucer- 
ized and plastic surgical pro- 
cedures performed on the skin 
permit primary closure; absorb- 
able gauze left In situ; healed 
2 months after operation; see 
table 1, lesion 7-12 

Sinus persistent; soft tissue scar 
could not be excised completely; 
absorbable gauze left In situ; 
surgical treatment not ade- 
quate; amyloidosis; see table 
2, lesion 50-70, and table 1, 
lesions 50-71 and 50-72 


51-74 

21 

H 

Iscbiam 

3 

Sinus to 
popliteal 
space 

20 

10 

8 

0 

910 

Sa 

St 


.. 10/17/44 

Tuberenlods of IscWnm with 
Eeejuestiums and sinus leading 
to popliteal space; sinus secon- 
darily infected with Staph, 
anreus; healed in 6 weets; sinus 
persisted; operatiye site and 
sinus healed at 6 months 

53-78 

29 

M 

Femur 

15 

Eight hu- 
merus and 
left forearm 

20 

20 

1 

8005 

Sa 

Sa 

Sa 

SI 

0 2/27/45 

Failure, possibly due to inade- 
quate operation; poor general 
condition; persistent hematoma 

56-S3 

SS 

M 

Femur 

12 

None 

20 

17 
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2633 

Sa 
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Healed per primam; healed at 
6 Weeks 

57-83 
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Healed per primam; healed at 
4 weeks 
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11 
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Healed per primam; healed at 
4 Weeks 

62-89 

6% 

mo. 
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4^ 

mo. 

None 

10 

12 


sro 

SI 

Sa 

SI 

« 

3/27/45 

Elb resected; healed per primam; 
postoperative roentgenogram 
shows some residual disease 

54-79 

23 

It 

Femur 

4 

Humerus 

20 

14 

1 

22S0 

Sa 

St 

Sa 

-i- 3/20/45 

Healed per primam; 2 hema- 
tomas and stitch abscesses; 
lesion of humerus lighted up 


on 8th day of penicillin ther- 
apy and subsided In 7 days 

Sa — Staphylococcus aureus, coagulose positive. 

SI — Secondary Invaders. 

St — Sterne. , ^ c 

• — Ko culttjres after operation because wounds were healed, -r Staphylococci developed Increased resistance to penicillin. 

0 — Staphylococci did not develop Increased resistance to penicillin. 


unit per cubic centimeters of saline infusion were 
obtained. In both instances coagulase-positive 
Staph, aureus was isolated from the operative 
wounds, and both strains bad .sensitivities of 0.06 
unit. The method is only roughly qualitative at 
best. Since the penicillin content of subcutaneous 
tissues and hod}' fluids approximates that of the 
blood serum,® it appears probable that relatively 
little penicillin can penetrate the avascular 
sclerosed bone surrounding an osteomyelitic 
lesion. If this is so, it is obvious that parenteral 
administration of penicillin without surgical inter- 
vention cannot be expected to provide therapeuti- 


cally adequate concentrations of penicillin at the 
site of bone lesions. 

CONCLUSIONS 

A clinical and bacteriologic study of the results 
of treatment of chronic osteom 3 'elib’s with peni- 
cillin with and without surgical inteiwention was 
made on 47 patients presenting a total of sixty- 
eight lesions. Some of the foci are listed in the 
accompanj'ing tables more than once owing to the 
failure of one or another method of treatment. 
These are listed as separate lesions and are in- 
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chieffer^® on human ictuses and still later by 
’■aldwin,-® who made microscopic preparations 
of tlie terminal part of the accessory duct and the 
uiinor papilla. 

The average diameter of the undistended duct 
in the 85 specimens with a normal duct arrange- 
ment at its point of perforation of the duodenal 
wall was 1.6 mm. The size of tlie duct, how- 
ever, was no criterion of its patency, for only 
62, about 73 per cent, were found to be patent 
by use of the injection method, whereby either 
air or dyes or both were injected under minimal 
pressure in order to avoid breaking through any 
natural barrier which might have been present. 
This gives, then, 23 specimens, about 27 per cent, 
which did not communicate with the duodenum. 
This is considerably higher than Helly’s 20 per 
cent"' and Baldwin’s 10 per cent of 50 speci- 
mens,"® in both groups of which tlie terminal 
part of the accessory duct was examined micro- 
scopicalh'. These results, however, are in accord 
with those obtained by use of the injection tech- 
nic (see table 2). 

Tabix 2. — Patency of the Accessory Duct 


Injection Method 


• 

Patent 

Closed 

Sebirmer 


19 

Oharpr 

9 

21 

Opie. 


21 

Vemeuil 

20 

0 

Sapper 

16 

1 

Rienboff and Pickrell 

02 

23 


271 

55 

Percent 

76 

24 


In the 4 instances in which the duct system 
was reversed and the 11 instances in which 
no intraglandular communication of the ducts 
could be demonstrated, the accessorj" duct ap- 
proached the duodenum with increasing caliber 
and with a patent papilla, leai-ing 23 per cent 
of all specimens in which the papilla was closed, 
regardless of the duct arrangement. Of practical 
interest, however, is the fact that in 11 per cent 
the ducts did not communicate and in 23 per cent 
the papilla was closed, making a total of 34 per 
cent in which fluid could not pass from the main 
duct to the duodenum by way of the accessori- 
duct. 

Complete absence of the accessor}^ duct seems 
to be a rare anomal}-, since it occurs in less than 
_1 per cent of specimens examined (table 3). In- 
version of the ducts occurs in about 7 per cent 
(table 4). 

28. Schieffer, J. : Du pancreas dans la serie animale. 
Thesis, Montpellier, 1884. 


REL.VTIOX OF THE .AMPULLA OF VATER 
TO P.AXCREATITIS 

Becourt,"" Bernard ' and Laguesse each 
mentioned 1 specimen in which the main pan- 
creatic duct opened into the duodenum apart 
from the orifice of the bile duct. Sebirmer ® 
found 22 specimens, about '47 per cent, among 
47 investigated in which a mucosal septum sepa- 
rated the orifice in such a manner that a true 
ampulla did not exist. Practically all textbooks 
of anatomy describe the ducts as usually unit- 
ing to form a common channel at their duodenal 
extremities. Sappey"® stated that this arrange- 
ment is the one which is observ-ed in the great 


T.vble 3. — The Accessory Duct 


Sebirmer 

Present 

101 

Absent 

Charpy 

29 

1 

HeUy 

50 

0 

Vemeuil 

20 

0 

Santorini 

? 

0 

Bernard 

0 

0 

Hamburger 


0 

Sapper 

17 

0 

opie 

ICO 

0 

Baldwin 

76 

0 

Rienboff and Pickrell 

100 

0 

Total 


4 

Per cent 


0.737 


T.able 4. — Inversion 

of Ducts 



Specimens 

Inversion 


Examined 

Of IXicts 

Schlnner 

104 

4 

Cbarpr 

SO 

3 




Morel and Duval 

? 

1 

Opie 

ICO 

U 

Blmar. 

? 

1 

iloyse 

2 

1 

Baldwin 

76 

3 

Rienboff and Pickrell 

ICO 

4 

Total 

410 

29 

Per cent 


6.61 


majoriti- of cases. One of few exceptions to 
this i-iew is found in the frequently cited work 
of Letulle and Nattan-Larrier,^®* who found that 
a common channel occurred in only 8. about 
38 per cent, of 21 specimens. 

Schirmer ® mentioned 1 1 specimens in his 
series of 47 in which the pancreatic duct opened 
into the bile duct and 14 specimens in the same 
series in which the bile duct opened into the 
pancreatic duct. Vemeuil seemed to believe 

29. Becourt, P. J. G. : Recherches sur le pancreas, 
Strasbourgh, F. G. Levrault, 1830. 

30. Laguesse, E. : Sur I’existence de nouveaux bour- 
geons pancreatiques accessoires tardifs, CoinpL rend. 
Soc. de biol. 2:602, 1895. 

31. Vemeuil, A.: Memoire sur quelques points de 
I’anatoraie du pancreas, Gaz. med. de Paris 6:384 and 
398, 1851 ; reprint ed., Paris, E. Thunot Sc Cie, 1851. 
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.nesthetized with pentobarbital," renal extrac- 
ion ratios for inulin and diodrast remain rela- 
-ively constant and that for diodrast is so large 
-about 0.S5) that plasma diodrast clearance is 
be near equivalent of renal plasma flow. How- 
•ver, during' severe and prolonged hypotension 
be renal diodrast extraction ratio is depressed. 
;o that diodrast clearance equals only a fraction 
■ •(0.5 or even less) of renal plasma flow. 

' During and immediately after transfusion, dio- 
Jrast clearance rises rapidly, often to levels ex- 
ceeding normal. It might be concluded that the 
rddney responds to hypotensive ischemia by reac- 
tive hyperemia. Actually, renal blood flow is 
usually returned to, or is but little beyond, the 
normal level ajid soon falls. The temporar\' high 
diodrast clearance level when glomerular filtra- 
•■- tiori is restored apparently results from the wasb- 
'".ing out of diodrast secreted into the tubules 
during hypotension. An example has been re- 
ported in a case of orthostatic hypotension.*- 
In summary, shock due to prolonged or 
repeated bleeding depresses renal function by 
causing a vasoconstrictive ischemia, which is 
not released b}- transfusion of blood and restora- 
/ tion to normal of arterial pressure. 

The persistence of renal ischemia and anoxia 
in experimental shock due to bleeding seems to 
explain the prolonged renal functional depression 
which may follow bleeding in human beings. 
Therapeuticall)', it is significant that renal de- 
nervation does not prevent the vasoconstriction ; 

J hence there is no experimental basis for the treat- 
ment of posthemorrhagic urinary' suppression by 
spinal anesthesia or paravertebral block. The 
nature of the abnormalitj' makes the use of vaso- 
constrictor drugs illogical. 

TOURXIQUET SHOCK 

To mimic more closely the conditions of crush 
syndrome in human ’ beings, renal function in 
> ' dogs was studied during the onset of shock 
resulting from experimental application of tour- 
, niquets partially occluding arterial inflow. De- 
tails of the experiments have been reported 
; ^ elsewhere.^^ 

11. Corcoran, .■\. C., and Page, I. H. : Effects of 
Anesthetic Dosage of Pentobarbital Sodium on Renal 
Function and Blood Pressure in Dogs. Am. J. Phvsiol. 
140;234-2o9 (Nov.) 1943. 

<" 12. Corcoran, A. C. ; Browning, J., and Page, I. H. : 

, • Renal Hemodj-namics in Orthostatic Hj-potension : 

Effects of Angiotonin and Head-Up Bed, J. A. M. A. 
■; 119:793-794 (July 4) 1942. 

13. Corcoran, A. C. ; Taylor, R. D., and Page, I. H. : 
Immediate Effects on Renal Function of the Onset of 
Shock Due to Partially Occluding Limb Tourniquets, 

.\ C* ^ 


The sequence of renal vascular changes (fig. 2) 
contrasts in some respects with that of the 
changes which follow bleeding. Arterial pres- 
sure is well maintained and even at first in- 
creased. In spite of this, renal blood flow 
decreases bt- about 20 per cent during the first 
fifteen minutes, b_v 50 per cent in thirty minutes 
and by SO per cent in sixty to one hundred 
minutes after application of the tourniquet. De- 
creased renal blood flow without concomitant 
decrease in arterial pressure can result onh' from 
increased resistance to the flow of blood through 
the kidne\'s, brought about presumably by renal 
vasoconstriction. The glomerular filtration rate, 
measured as inulin clearance, is less decreased 



Fig. 2. — Percentage of normal total renal blood flow, 
blood pressure, hematocrit reading (He/tt.), and con- 
current changes in glomerular arteriolar afferent (Ra 
and R.) ailti efferent (Re and RO resistance during 
the onset of shock due to application of tourniquets to 
the limbs. 

than is the rate of blood or plasma flow. The 
partial maintenance of glomerular filtration is 
due to an increase in intraglomerular pressure. 
Analysis of these changes according to formulas 
suggested b}- Lamport indicates that the in- 
crease of intraglomerular pressure is due to pre- 
dominance of constriction in the glomerular 
efferent arterioles, so that the function Rn (re- 

14. Lamport, H. T. : Improvements in Calculation of 
Renal Resistance to Blood Flow: Charts for Osmotic 
Pressure and Vicositj- of Blood, J. Clin. Investigation 
22:461-470 (May) 1943. 
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lat in 20 of 90, 22 per cent, specimens, the 
nipulla of Vater was absent and the ducts sepa- 
ated b_v a distinct septum. In 13 per cent, the 
istance from the orifice of the ampulla to the 
eptuin was 2 mm., and in 1 specimen the duct 
I'AVirsung was reduced to a fibrous cord. No 
etailed measurements of the remaining speci- 
nens were given, except that the average dis- 
ance from the apex of the ampulla to the septum 
ras 4.S mm. 

Belou, while making a special study of the 
)iliary tract, investigated the relation of the duct 
jf Wirsung to the common bile duct in 50 speci- 
nens and found that in 54 per cent the two 
opened into the duodenum, either separately or 
It the apex of the ampulla of Vater ; in 30 per 
:ent the duct of Wirsung opened from 1 to 2 mm. 
from the apex, while for the remaining 26 per 
cent measurements were lacking. 

In Osier’s series ** of 100 specimens, in only 
32 was the diverticulum of A'ater of such size 
that a small calculus might occlude the orifice 
without completely filling it and obstructing one 
or both ducts entering it. Judd studied 170 
necropsy specimens for the purpose of determin- 
ing the percentage of instances in which the 
anatomic arrangement was such tliat it would be 
possible to convert the two ducts into one con- 
tinuous passageway. This was a possibility in 
only 4.5 per cent. He concluded that only 
ven* exceptionalh' is there an anatomic arrange- 
ment whereby tlie ducts can be converted either 
by a stone or by the action of a sphincter, into 
a continuous passageway permitting bile to flow 
from the common duct into the pancreatic duct. 

Mann and Giordano examined formalde- 
hyde-fixed specimens obtained from 200 consecu- 
tive autopsies. Their technic consisted in simple 
dissection and measurement of the diameter of 
the ampulla and its duodenal orifice. In 90 
specimens, 45 per cent, the ducts were contiguous 
and opened from 1 to 2 mm. from the apex of 
the papilla. In 28 specimens, 14 per cent, the 
length of the ampulla was 3 mm., while in only 
7 specimens, 3.5 per cent, did it equal or exceed 

5 mm. Since the average diameter of the am- 
pulla was 2.5 to 3.5 mm. they reasoned that the 
common bile duct and the pancreatic duct could 
be converted into a continuous channel onh- b}' 
a blockage of the exit in the specimens in which 
the length of the ampulla was greater than the 
diameter of its duodenal orifice, i. e., in 7 in- 
stances, or 3.5 per cent. They called attention 
to the fact, previousl}- noted, that the dimen- 
sions of the ampulla and the ducts entering it are 

•14. Osier, W. : Modern Medicine, Philadelphia, Lea 

6 Febiger, 1908, vol. 5, p. 637. 


often such that a calculus which would become 
impacted would obstruct both ducts and would 
not convert them into a continuous channel. 

Cameron and Noble *" resorted to another 
method of investigation, which consisted in arti- 
ficially impacting a carefully selected biliary cal- 
culus in the ampulla of Vater of a necropsy 
specimen by stripping it down the common duct 
and then determining whether a reflux occurred 
by forcing water or bile down the common duct 
under a pressure of 100 mm. or less and observ- 
ing whether it escaped by way of the duct of 
Wirsung. To insure that the calculus was firmly 
lodged in the ampulla, a pressure of 1,800 mm. 
of water was brought to bear on the system. 
Irregular calculi were used most often, and not 
infrequently a part of the calculus protruded 
into the duodenum. Casts of these specimens in 
which a reflux occurred were obtained by pour- 
ing Wood’s metal at 180 C. into the common 
duct, which ran up the duct of Wirsung and 
hardened immediately. When the cast was ex- 
posed, the points between which to measure were 
usually well defined. 

After 100 specimens had been examined, an 
ampulla was found in 74 instances. In 8 of these, 
the size of the duodenal orifice was so great 
and the length of the ampulla so short that it 
was impossible to convert the two ducts into a 
common system by means of an impacted cal- 
culus. In the remaining 66, this was possible. 
The}' concluded, therefore, that in 66 per cent 
of 100 specimens it ■\\'as anatomically possible 
for the common duct and the pancreatic duct to 
be converted into a single commum'cating sys- 
tem by an impacted biliar}-- calculus. This figure 
contrasts sharply with Judd’s 4.5 per cent in 
170 specimens and Mann and Giordan’s 3.5 per 
cent in 200 specimens. 

STUDIES OK THE AJrPULL.-\ OF VATER 

The foregoing review afltords evidence that 
a considerable difference exists between the re- 
sults of various obseiA-ers. Because a more de- 
tailed study of the exact length of the ampulla 
of Vater is necessary, especially with reference 
to the percentage frequency of its ^'ariations, and 
in order to verify the reported discrepancies con- 
cerning the relation of the main pancreatic duct 
and the common bile duct, this study was under- 
taken. 

The specimens consisted of 250 adult human pancreases 
obtained from both men and women ranging in age 
from 19 years to S3 years. Death in no instance was 
due to a pathologic process localized either in the pan- 
creas or in the duodenum. Dissection was carried out 
in the fresh in 100 of the specimens, as previously out- 
lined. and careful measurements were recorded with 
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leath rate of those niyoglohin-trcatccl animals 
■-vith severe renal injury and great azotemia. 

Stnictural changes in the kidneys of the 
r 'netamyoglobin-trcated rats were more severe 
n all categories of injury than in those given 
njcctions of isotonic solution of sodium chloride. 
•Pigment casts and necrosis of all the distal 

TUBULES 

convoluted COLLECTING 


FBOKIMAU DISTAU 



Fig- 6. — Sumtnarj- of site and character of renal 
structural change in crushed rats treated with metamyo- 
globin (M-MB) and those given an equal volume of 
"•9 per cent solution of sodium chloride. Structural 
'vere graded 1 to 4 plus, an arbitraiy figure 
23 assigned to 1 plus, and the results averaged. 


nation of vasoconstrictive ischemia, oliguria and 
aciduria, with the deposition in the kidneys of 
the muscle pigment, myoglobin. The state ex- 
perimentally produced lends itself to the study 
of methods of clinical treatment. 

Treatment . — Pertinent here is a brief selec- 
tion of observations of immediate clinical sig- 
nificance. Some of tlie relevant data are pre- 
sented in the table. From the point of view of 
treatment, the conditions of the experiments 
may be divided into those which {a) adversely 
and {b) favorably aflfect the outcome from the 
aspects of renal injurv' (azotemia) and mortality. 

Adverse Conditions. — 1. Dehydration by de- 
privation of water before crushing or by high 
environmental temperature (around 85 F.) re- 
sults in increased renal injurj- and mortality. 
Gangrene of the injured limb is common when 
external temperatures are high and rare under 
conditions of moderate temperature. Parenteral 
administration of fluid as 0.9 per cent solution 
of sodium chloride to severely dehydrated ani- 
mals after crushing and injection of metamyo- 
globin has little beneficial effect. 

2. Injection of a large dose of a diuretic, such 
as 0.1 mg. of sodium sulfate per gram of body- 
weight, increases immediate mortality, appar- 
ently by intensifying shock. 

3. Intravenous injection of sodium citrate has 
been recommended in the early treatment of 


Effects o/ Treatment in Experimental Crush Syndrome* 


U Hours 4S Hours 72 Hours 

A - - - , A 


Group 

Animals, 

N'umber 

Blood Crea 
Nitrogen, 
Mg. per 

ICO Cc, 

Death, 

Percentage 

Blood Urea 
N'itrogen, 
Mg. per 

100 ec. 

Death, 

Percentage 

Blood Urea 
Nitrogen, 
Mg. per 

ICO Cc. 

Death, 

Percentage 

control 

47 

66 

6 

52 

5 

51 

o 

•myoglobin control 

56 

50 

25 

89 

IS 


4 

^yoglobta-treated 

oodium citratP 

26 

101 

70 

93 

23 

70 

20 


24 

4S 

79 

€6 

19 

31 

2 

67 

' 49 

5S 

23 

n 

n 

60 

40 

54 

0 

0 

gelatin lactate 

««sure bandage 

"‘o <i>ovesis 

^ bandage with trelatin lactate. . 

24 

oo 

24 

23 

65 

79 

49 

35 

6 

0 

4 

9 

43 

52 

SO 

23 

10 

0 

s 

9 

S3 

56 

23 

19 

u 

0 

0 

0 


EoIution™^f°T 51 levels of blood urea nitrogen and mortality ict cent in control mven injections of isotonic 

treatment''*'^”™ chloride and myoglobin and m crushed rats given injections of myoglobin receiymg various types 


u u es, such as appear in the crush syndrome 
beings, were present onty in the 
oglobin-treated animals. 

Thus, from the aspects of azotemia, mor- 
^ it} and structural renal changes, the combi- 
nation of crushing injurj' to skeletal muscles and 
injection of metamyoglobin into rats is shown 
0 result in a state comparable to crush syn- 
rome in human beings. Renal damage appar- 
ently is produced in human beings by a combi- 


crush sj-ndrome. Given in a dose of O.I nnr. 
per gram of body weight, which is equivalent 
roughly to a dose of 5 Gm. for a human being, 
sodium citrate causes severe tetany, which is 
sometimes immediately fatal or which, by inten- ,, 
sifying shock, greatly increases mortality during 
the first twenty-four hours. Survivors show no 
significant reduction in the degree of renal injury. 
The susceptibility to tetany of crushed animals 
treated with sodium citrate is ascribed to the 
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I ■ the majority of instances, then, a calculus must 
be 4 mm. in diameter before it can cause obstruc- 
tion, if one assumes that it is approximately 
spherical. This, however, seems the exception 
rather than the rule, since irregularly shaped 
calculi are encountered more frequently tlian 
spherical ones. This leaves, then, 47 specimens, 
about IS per cent, in which tlie length of the 
ampulla exceeded the average diameter of the 
duodenal orifice and in which a complete block 
at the papilla by an impacted calculus would con- 
vert the ducts into a communicating S3-stem. 
This reasoning, however, is open to several 
serious objections. In the first place, conclu- 
sions formulated from measurements taken be- 
tween poorly defined points, of differences of 
1 mm. or less, seem decidedly inaccurate, since 
average measurements may never actually occur 
in a single instance. Tn the second place, the 
obstructing calculus was spherical, when irreg- 
ularly shaped calculi are encountered more fre- 
quently, and, as suggested by Cameron and 
Noble,^= a considerable part of an irregularly 
shaped calculus may project through the orifice 
of tlie ampulla into the duodenum, while its 
length may exceed that of tlie ampulla, and yet 
a reflux would be possible. It is true, also, that 
the greatest diameter of an impacted calculus 
may equal the long diameter of the ampulla in 
which it is wholly contained, with a communi- 
cation existing between the ducts owing to the 
failure of the irregularlj' shaped calculus to com- 
pletely fill the ampulla, which itself may be 
dilated. 

Although it is a matter of definition as to 
whether an ampulla actual!}' exists in those in- 
stances in which the septum extends within 
2 mm. of the apex of the papilla, in table 6, in 

Table 6. — The Ampulla of Voter 

Ducts Join to Specimens 

Fonn Ampulla No Junction Examined 

? 1 ? 

? 1 T 

? 1 t 

22 47 

S 13 21 

50 11 100 

32 11 43 

£6 34 90 

S 42 50 

40 ICO 200 

74 20 100 

51 160 250 


Total 412 491 901 

Percent 4G 53 


Becourt 

Bemarf 

Lagucsse 

Schinner 

Lctullc- 

Opie 

Ruge 

Baldwin 

Bclou 

Mann and Giordano 

Cameron and Noble 

Rienhoff and Pickrell — 


which the measurements are given a true am- 
pulla was not considered present in the speci- 
mens. From the figures in table 6, we see that 


an ampulla is present in about 46 per cent, had 
the measurements been included in each investi- 
gator’s ' report. For example, Cameron and 
Noble made no mention of the ampullae less than 
5 mm., while in Opie’s series of 100 specimens, 
in only 30 did this measurement equal or exceed 
5 mm. Oser found only 32 of 100 specimens 
in which the diverticulum was of such size that 
a small calculus might occlude the orifice with- 
out completely filling it and thus obstruct both 
ducts. Our findings and the correlation of the 
greater part of the work done on this particular 
phase of the problem to the present time lead 
us to believe that the main pancreatic duct enters 
the duodenum apart from the common bile duct 
in 25 to 30 per cent of all cases and that a true 
ampulla is present in only 30 to 40 per cent. 

THE REL.\TIOX OF THE SPHINCTER OF 
ODDI TO PANCREATITIS 

Although Glisson expressed the opinion that 
a sphincter existed at the end of the common 
bile duct, it was first described by Gage,^® who 
studied the sphincter in the cat and found sphinc- 
ters around the pancreatic and common bile ducts 
and one group of muscle fibers passing around 
both ducts. OdchV' employing many species of 
animals, made an extensive comparative ana- 
tomic and physiologic study of the sphincter; 
but, aside from assigning a spedal sphincter to 
the duct of A\^irsung, he did not study especially 
the relation of the sphincter of the common bile 
duct to the pancreatic duct. Somewhat later, 
Hendrickson studied the sphincter in man, in 
the dog and in the rabbit. His specimens show 
muscle fibers surrounding both the common bile 
and the pancreatic duct. 

In the absence of a stone in the ampulla of 
Vater, it has been suggested that in the instances 
in which both the bile and pancreatic duct open 
toghether in the ampulla, a flow of bile from the 
common duct might be diverted into the pan- 
creatic duct during life by spasm of the sphincter 
of Oddi. 

The possible importance of the sphincter at 
the duodenal end of the common bile duct was 

45. Glisson, quoted bi' Oddi.'*'® 

46. Gage, S. H. : The Ampulla of t'ater and the 
Pancreatic Ducts in the Domestic Cat, Am. Quart, ificr. 

J. 1:123 and 169, 187S-1S79 (pi. xii-xiv). 

47. Oddi, R.: (a) D’une disposition a sphincter 

sp&iale de I’ouverture du canal choledoque. Arch. ital. 
de biol. 8:317, 1887; (b) Sulla tonicita dello sfintere 
del coledoco. Arch, per le sc. med. 12:333, 1888. 

48. Hendrickson, W. F. : A Study of the Muscu- 
lature of the Entire Extrahepatic Biliarj- System, Bull. 
Johns Hopkins Hosp. 9:221, 189S. 
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leukocytosis was present. The patient took food and 
fluids rather poorly by moutli, and hence from June 1 
to June 8 she received 2,000 cc. of amigen with S per 
cent dextrose intravenously daily. From June 4 to 8 
penicillin was given in a daily dose of 240,000 units; 
no sulfonamide drug was administered. 

On May 23, 1944 Dr. William Adams made a 3 
incli (7.6 cm.) incision 3 inches above the pelvis and 
extending to the umbilicus to drain the huge abscess 
filling the lower part of the abdomen. Green pus 
poured out under pressure. One Penrose drain was 
inserted and a dressing applied. Microscopic examina- 
tion of two small hemorrhagic bits of tissue showed 
an extensive infiltration of inflammatory cells. The 
postoperative course was stormy, with a temperature 
ranging from 100 to 104 F. The diarrhea continued. 
The abscess drained freely. Anorexia persisted with 
occasional emesis. On June 22, 1944 a large abscess 
was found over the ninth, tenth and eleventh ribs on 
the right side. It was drained, 100 cc. of bloody, 
“tomato juice-like” purulent material being obtained. 
Culture disclosed Streptococcus viridans and Esch. coli. 

The patient improved considerably. A roentgen ray 
examination of the colon on July S was reported as 
showing an old chronic ulcerative colitis involving the 
entire colon, with pronounced narrowing of the sig- 
moid fle.xure and with two fistulous tracts, one con- 


ination disclosed only a slight granularity and scarring 
of the rectal mucosa; it was not friable; no ulcers 
were seen. Roentgenograms of the gastrointestinal 
tract were normal. The stools were free from occult 
blood by the benzidine test; parasites were not fotmd. 

In September the patient went on a strenuous laca- 
tion, contracted a bad cold, became fatigued and also 
reached a critical point in the psychoanalysis she was 
undergoing. The diarrhea recurred and persisted, re- 
quiring hospitalization on October 20. The stools were 
watery, not bloody, eight or nine per day. The tem- 
perature varied between 98.6 and 99.7 F. The blood 
picture was normal. A proctoscopic e.xamination 
showed the friable granular bleeding mucosa typical 
of chronic ulcerative colitis. On October 23 the pa- 
tient was awakened at 2 a. m. with nausea and cramp- 
ing abdominal pain. The only physical abnormality that 
could be detected was an area of tenderness about the 
umbilicus and in the epigastrium, just to the right of 
the midline. The temperature rose to 102 and 104 F. 
and remained high (see chart). The patient grew 
worse rather rapidly in the following days; the ab- 
domen became distended and tender; the face was 
pinched; the appearance was that of acute toxemia; 
the white blood cell count was 15,200. Fluids were 
given by clysis. On October 26 the administration of 
sulfadiazine and penicillin was begun, 5.75 Gra. of 



Temperature cuiwe of case 2. The light line indicates the period of administration of penicillin and sulfadiazine. 


necting with the cecum and the other probably with 
tlie hepatic flexure. The patient was dikharged on 
July 20, 1944 and advised to return in two months 
for an ileostomj-. 

Case 2. — A 35 year old white housewife dated the 
onset of her present disease back to 1933, when she 
had had an attack of “colitis” with innumerable liquid, 
bloody and mucous stools, a distressing "feeling of 
gas,” painful cramps and discomfort in the abdomen. 
This syndrome recurred at inten-als for a number of 
years. In 1941, when she was in Mexico, diarrhea 
developed again; the stools were examined on her 
return, and Endamoeba histoh’tica was found on two 
occasions. Treatment with emetine and rioform was 
followed by complete relief of symptoms. In May 1943 
she experienced diarrhea, attributed to a food poison- 
ing. After three weeks in a local hospital with no 
improvement, she entered Mayo Oinic in June, where 
Dr. Bargen confirmed the diagnosis of nonspecific 
ulcerative colitis. Repeated analyses of stools for E. his- 
toh-tica were negative. Under treatment with azo- 
sulfamide, vaccine and a diet she improved remarkably. 

In July 1944 she was referred to the University 
Clinics by her psychoanalj-st for a routine examina- 
tion. The bowel function was normal. The physical 
findings were essentially negative. Proctoscopic exam- 


sulfadiazine in 500 cc. of isotonic solution of sodium 
chloride being given each day together with 100,000 
units of penicillin by intramuscular injection, and in- 
creased on October 30 to 160,000 units. A transfusion 
of 500 cc. of whole blood was given on October 26 
and 300 cc, of plasma the next day. A Miller-Abbott 
tube was passed, without relief of the abdominal dis- 
tention. The pulse rate oscillated between 100 and 
136 and the temperature between 101 and 104 F. ; the 
abdomen was extremely distended. On November 4 
the substitution of a Wangensteen tube for the ob- 
structed Miller-.A.bbott tube resulted in the aspiration 
of a large amount of gas and fluid and greatly relieved 
the abdominal distention. This procedure was con- 
tinued through the following days; the general aspect 
of the patient improved, and the temperature gradually 
dropped to normal. On November 6, because of the 
appearance of a rash, the use of penicillin and sulfa- 
diazine was discontinued, a total dose of 1,380,000 units 
of penicillin and 41.25 Gm. of sulfadiazine having been 
given. Subsequent recovery was uneventful e.xcept for 
the annoying complication of a recurrent iridocycliti>. 

C.ASE 3. — -A. 48 year old white grandmother came to 
the .Albert Merritt Billings Hospital April 1, 1944. 
stating that for at least thirteen years she had had 
episodes of bloody diarrhea and abdominal cramps 
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was found. Duodenal lavage with magnesium 
sulfate was found to relax the sphincter, while 
hydrochloric acid caused temporar}' sphincter 
spasm, which can be prevented by atropiniza- 
tion. Morphine produces severe spasm lasting 
as long as four hours, with the pressure reaching 
300 mm. of water during the second hour, after 
16 mm. have been injected subcutaneously. The 
action of papaverine and epinephrine was found 
to be slight. 

While there is disagreement as to the fre- 
quency with which bile can be held responsible 
for the development of acute hemorrhagic pan- 
creatitis, all agree that if bile is injected under 
force into tbe pancreatic duct experimentally it 
can produce tlie condition, as was shown by 
Opie and since then by man}' others. The 
experiments of Flexner and those of other 
investigators demonstrate that the same result 
follows the injection of a wide variet}' of sub- 
stances, such as oil (Oser,^^ Hess,^® Guleke,®® 
Eppinger®° and Hewlett®^), bile (Opie,®® Flex- 
ner,®" Guleke,®® Oser®® and Polya®®), hydro- 
cliloric acid and intestinal secretion (Hlava,®® 
Flexner and Pearce,®® Hildebrand ®‘ and Rosen- 
bach ®®), intestinal secretion and pancreatic juice, 
commercial tr}'psin, calcium and sodium chloride 

57. Flexner, S. ; The Constituent of the Bile Caus- 
ing Pancreatitis and the Effect of the Colloids upon 
Its Action, J. Exper. Med. 8:167, 1906; Experimental 
Pancreatitis, Bull. Johns Hopkins Hosp. 9:743, 1900; 
On the Occurrence of the Fat-Splitting Ferment in 
Peritoneal Fat Necroses and the Histologj- of These 
Lesions, J. Exper, Med. 2:413, 1897. FIe.xner, S., and 
Pearce, R. M. : Experimental Pancreatitis, Univ. Penn- 
sj-h-ania M. Bull. 14:193, 1901. 

58. Hess, O.; Experimenteller Beitrag zur .'\etiologie 
der Pankreas- und Fettgewebsnekrose, Munchen. med. 
Wchnschr. 50:1905, 1903; Experimentelles zur Pan- 
kreas und Fettgewebs-Nekrose, ibid. 52:544, 1903. 

59. Guleke, N. : Demonstration einer experimentell 
gewonnenen Pankreasnekrose, Berl. klin. Wchnschr. 
41:682, 1905; Ueber die experimentelle Pankreasnekrose 
und die Todesursache bei acuten Pankreaserkrangungen, 
Arch. f. klin. Chir. 75:845, 1905-1906; 85:615, 1908. 

60. Eppinger, H. : Zur Pathogenese der Pankreas- 
fettgewebsnekrose, Ztschr. f. exper. Path. u. Therap. 
2:216, 1905-1906. 

61. Hers'lett, A. W. : On the Occurrence of Lipase 
in the Urine as a Result of Experimental Pancreas 
Disease, J. M. Research 11:1904. 

62. Polya, E. H. : Zur Pathogenese der acuten Pan- 
creasblutung und Pankreasnekrose, Berl. klin. Wchnschr. 
43:1562, 1906; Ueber die Pathogenese der akuten Pan- 
kreaserkrankungen, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 
24:1, 1912. 

63. Hlava, J. : Some .Affections of the Pancreas and 
Sudden Death from Them, Sbirka pfednasek. z oboru 
lekarsk., v Praze, 1899, no. 16, p. Ill ; Sur la pan- 
creatite hemorrhagique, Compt. rend. Cong, intemat. 
de med. (1897) (sect. 3) 2:106, 1899. 

64. Hildebrand, G.; Zur Pankreaschirugie, .Arch. f. 
klin. Chir. 89: 2, 1909. 


(Polya®®), sulfuric add (Flexner and Pearce®®), 
nitric acid (Flexner and Pearce®®), zinc chlo- 
ride (Lattes®®), chromic add (Lattes®®), solu- 
tion of formaldehyde (Flexner and Pearce®®), 
calcium chloride (Binet and Brocq ®®) and oleic 
acid (Hess ®® and Trevor ®®). The same results 
have been obtained by injecting into the blood 
vessels substances such as oil, paraffin, wax and 
lycopodium (Panum,®® Lepine/® Bunge®® and 
Guleke®®). Sailer and Speese®® suggested that 
this great variety of substances that cause pan- 
creatic necrosis on injection into the ducts is 
proof that mechanical distention and injur}- to 
the pancreatic tissue are the destructive agents. 
However, the following substances have been 
injected into the ducts without harmful effects: 
blood (Flexner and Pearce®®) and (Guleke®®), 
blood serum (Flexner and Pearce ®®) , glycerin 
(Hess®®), paraffin (Hess®®), agar (Lattes®®) 
and starcli (Hess®®). 

While quantities^of 4 to 30 cc. of bile and 
other fluids were injected forcibly into the pan- 
creatic duct with a syringe. Rich and Duff ® have 
shown that injections of smaller quantities of 
India ink into the pancreatic duct will rupture 
the smaller ducts and acini even in a large dog, 
leading to the immediate escape of ink into the 
interstitial tissues throughout the greater part 
of the pancreas. Archibald ®® was unable to 
produce necrosis or hemorrhagic pancreatitis by 
injecting small amounts (0.75 cc.) of bile into 
the pancreatic duct. Xordmann,®^ realizing the 

65. Rosenbach, F. : (Jallenstauung im Ductus Wir- 
sungianus durch Stein in der Papilla Vateri als Ursache 
einer akuten Pankreasnekrose mit galliger Peritonitis, 
Munchen. med. Wchnschr. 65:185, 1918. 

66. Lattes, L. : Ueber Pankreasvergiftung, Virchows 
Arch. f. path. .AnaL 211:1, 1913. 

67. Binet, L., and Brocq, P. : Le role du sue intestinal 
dans la reproduction experimentale de la pancreatitie 
hemorragique avec steatonecrose, Compt. rend. Soc. de 
biol. 83:540, 1920. 

68. Trevor, R. S. : Some Recent Work on Disease of 
the Pancreas, Practitioner 72:570, 1904. 

69. Panum, P. L. : Experimentelle Beitrage zur 
Lehre von der Embolie, Aqrchows Arch. f. path. Anat. 
25:308, 1862. 

70. Lepine, R. : Diabete maigre avec integrite du 
pancreas, Lyon med. 71:591, 1892. 

71. Bunge : Zur Pathogenese und Therapie der acuten 
Pankreashamorrhagie und abdominalen Fettgewebsnek- 
rose, Arch. f. klin. Chir. 71:726, 1903. 

72. Sailer, J., and Speese, J. : .Acute Pancreatitis, 
Tr. A. .Am. Physicians 23:540, 1908. 

73. Archibald, E. W., in Lewis, D.: Practice of Sur- 
gery, Hagersto^^-n, Md., W. F. Prior Company, Inc., 
1933, vol. 7, p. 1. 

74. Nordmann, O. : Experiraente und klinische 
Betrachtungen fiber die Zusammengange zwischen acuter 
Pankreatitis und Erkrankungen der Gallenblase, Arch, 
f. klin. Chir. 102:66, 1913. 
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those cases in wliich the patent ductus is uncom- 
plicated by other serious developmental defects 
is ligation suitable. Bullock and colleagues ' 
have stated the belief, however, that if infants 
under 3 years of age and patients with cyanosis 
are excluded the probability that patent ductus 
arteriosus is associated with other significant 
anomalies is relatively small. 

Is tlie diagnosis of uncomplicated patent duc- 
tus arteriosus indication enough for operation? 
Shapiro ^ has suggested that, since the opera- 
tive results are not uniformly good, only the 
patients demonstrating evidence of cardiac strain 
or stunting of growth should undergo operation 
until more accurate statistical data on the effects 
of surgical treatment are available. His own 
statistics, however, clearly show that patients 
with this disorder rarely live beyond the age of 
40, usually succumbing to congestive failure or 
bacterial endarteritis as a direct result of the 
patent ductus arteriosus. His analysis^ of 140 
cases in which operations were performed re- 
veals 72 per cent with completely successful 
results, with an over-all operative mortality of 
less than 10 per cent. Contrast these results 
with the extremely high mortality from the dis- 
ease itself if untreated, and the answer is clear. 
Similar objections have been raised by Burch,* 
who stated that the surgical risk is still not good 
enough in average hands to recommend opera- 
tion for all patients with patent ductus arteriosus. 
He lists as indications for operation subacute 
bacterial endarteritis, definite cardiac decom- 
pensation, especiall}' if progressive, and mental 
and physical retardation. The development of 
these complications is, of course, indication for 
therapeutic ligation. But should one wait for 
complications to appear before advising ligation 
merely because the operative risk is not good 
enough in average hands? Should one cease 
recommending gastrectomy for patients with 
intractable ulcer because the mortality is pro- 
hibitive in average hands? It is true that the 
relative newness of the procedure precludes its 
evaluation on a basis of long term postoperative 
follow-up observations. One ma}’ assume, how- 
ever, that the conclusions draum from studies on 
the ligation of large vessels elsewhere in the body 
appl}' as well to the ductus arteriosus. If per- 
manent obliteration of the lumen of the ductus 
is obtained, recanalization is unlikely to occur. 
Thus, if no other defect exists, this otherwise 

4. Shapiro, M. J., and Keys, A.; The Prognosis of 
Untreated Patent Ductus Arteriosus and the Results of 
Surgical Intervention, Am. T. M. Sc. 206:174-183 
(.Aug.) 1943. 

5. Burch, G. E. : Congenital Patent Ductus .Ar- 
teriosus; .An Eraluation of Its Surgical Treatment, 
Ar. Clin. Xorth .America 28:388-402 (March) 1944. 


irreversible condition can be reversed by sur- 
gical treatment and normal anatomic and physio- 
logic relations restored. No long term follow-ups 
are necessary to attest this fact. From avail- 
able evidence, therefore, prophylactic rather than 
therapeutic ligation appears to be the procedure 
of choice in competent hands. 

OPEICATIVE TECH. VIC 

.All methods employed to date, short of com- 
lilete division of the ductus, are attended by a 
certain number of recurrences. Gross - first 
employed simple ligation with silk. This method 
has been emplo3’ed successfully in 2 of our cases 
(case 1 and 2). In 14 such cases, however. 
Gross had several failures due to the reopening 
of the channel. In his next 28 cases, following 
principles laid down b\- Pearse ® for the gradual 
occlusion of large vessels, he wrapped the ligated 
duct with cellophane, in the hope that the fibrosis 
promoted b_v the cellophane would cause per- 
tnanent obliteration of the lumen in 100 per cent 
of cases. Even this method was followed by 
some failures. The technic had definite advan- 
tages over simple ligation, however, as was 
demonstrated by Harper and Robinson • in their 
case of infected patent ductus arteriosus. They 
noted immediate disappearance of the murmur 
after double ligation of the duct followed by loose 
wrapping with cellophane. The murmur reap- 
peared two weeks after ligation but had faded 
within two months, and by two and a half months 
it had again disappeared and remained perma- 
nently abolished. This late ablation of the mur- 
mur they attributed to occlusion by the fibrosis 
set up b}' the cellophane. Dr. John .Alexander * 
has suggested that the fibrosis from the cello- 
phane might be so intense that the large vessels 
in apposition to it might become stenosed or 
paralysis of the recurrent nerve might ensue. 
Neither complication has been noted in anj- of 
the cases in which cellophane has been used. 

Because of the failure attending any method 
of occlusion of large vessels by ligation in con- 
tinuit}'. Gross “ began dividing the ductus. This, 
of course, increases the hazards of operation 
and demands not onh- a skilled operator and 

6. Pearse. H. E. : Experimental Studies on the 
Gradual Occlusion of Large .Arteries, .Ann. Surg. 112- 
923-937 (No%-.) 1940. 

7. Harper, F. R., and Robinson; AI. E. : Occlusion of 
Infected Patent Ductus .Arteriosus tvith Cellophane .Am 
J. Surg. 64:294-296 (Afay) 1944. 

8. .Alexander, J., cited by Harper and Robinson.' 

9. Gross, R. E. : Complete Surgical Dirision of the 
Patent Ductus .Arteriosus: A Report of Fourteen Suc- 
cessful Cases, Surg., Gjmec. & Obst. 78:36-43 (Tan I 
1944. 



RIEKHOFF-PICKRELL— PANCREATITIS 


219 


le hemorrhage is the result of a rasomotor 
Cex ; others believe that it results from venous 
mombosis, and still others believe that it results 
'in the erosion of the blood vessels b}’’ the 
■^ncreatic trypsin. Rich and Duff - found tliat 
.le specific vascular lesion causing the hemor- 
hdge was located especially in the media of the 
•essel, -where the muscle fibers are swollen, their 
luclei pyknotic and often separated b}’ fluid 
paces. The adventitia may appear condensed 
<■ d pink staining and contain pohnnorphonu- 
lear leukocytes. The internal elastic membrane 
uecomes fra3'ed, loses its undulations and takes 
on a swollen appearance. The first alterations 
of the media are found in its outer layers, the 
luuscle fibers of which become necrotic while 
those near the intima remain intact. But the 
process is apparently a rapid one and proceeds 
rapidh- to involve the entire thickness of the 
vessel wall, witli final destruction of the intima. 
Destruction of a segment of the vessel wall was 
found most frequently in the larger arteries, 
while destruction of the whole circumference was 
the rule in the smaller vessels. The lesion is 
quite indistinguishable from that characteristic 
of the familiar arteriolonecrosis and hyaline ar- 
teriolosclerosis occurring in man in association 
with hypertension and in arteriolosclerotic 
nephritis. 

SUMM.-tRY 

The historical aspects concerning the anatomy 
of the pancreas have been reiterated. The em- 
bryolog}- of the pancreatic systems has been 
reviewed. The etiologic factors of pancreatitis 
have been discussed. 

The anomalies and their results encountered 
in 250 dissections of the pancreatic systems are 
tabulated and discussed with their clinical sig- 
nificance. In 73 instances, about 24 per cent, 
there could be found no junction of the pancreatic 
and bile ducts, each entering the duodenum with 


separate orifices. In 92 instances, 37 per cent, 
the ducts were contiguous, the dhdding septum 
terminating 1 to 2 mm. from the apex of their 
common orifice. In this group, however, a true 
ampulla was not considered present. In 81 
instances, 32 per cent, a true ampulla was 
present, varjdng in length from 3 to 14 mm., 
while in 4 instances, 2 per cent, the main pan- 
creatic duct was reduced to a fibrous cord. 

In 47 instances, 18 per cent, the length of the 
ampulla exceeded the average diameter of the 
duodenal orifice, and a complete block at the 
papilla would convert the t^vo ducts into a com- 
municating sj-stem. 

The average diameter of the duodenal papilla 
was 3 mm., with limits of 1.5 and 4.5 mm. 

Concerning the accessory pancreatic duct, in 
onh' 89 of 100 specimens studied for this pur- 
pose could any intraglandular communication 
between the ducts be demonstrated. In 4 in- 
stances, the embiyonic duct system was present — 
i. e., the accessoiy duct carried the greater part 
of the secretion — while the main duct was re- 
duced to a fibrous cord, lea\-ing 85 specimens 
■with a normal duct arrangement. In onlv 62 
of these, 73 per cent, was the duct found to be 
patent, or there were 23 instances in which the 
accessory duct did not communicate with the 
duodenum, regardless of the duct arrangement, 
making a total of 34 per cent in whidi fluid 
could not pass from the main pancreatic duct 
to the duodenum by way of the accessoiy duct. 
The average diameter of the undistended duct 
at its point of peroforation of the duodenum was 
1.6 mm. 

The anatomic position and arrangement of the 
sphincter of Oddi and the conditions modifj-ing 
its resistance are discussed, and the current 
theories postulated regarding the necrosis and 
hemorrhage which occur are brief!}' discussed. 
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On May 18 the patient returned for a routine check- 
up. She had no complaints except occasional twinges 
of pain under the incision where the costal cartilages 
had been divided at operation. She had been feeling 
well and gaining weight. She no longer c.xperienccd 
dyspnea on climbing stairs and had had no orthopnea. 

Examination revealed a well healed operative scar. 
No murmur was audible. Blood pressure in both arms 
was 110 systolic and 74 diastolic. Fluoroscopic exami- 
nation and roentgenograms of tlie chest showed a de- 
crease in size and pulsation of the pulmonarj- conus. 

Case 4. — N. H. D., a 20 year old white woman, was 
first admitted to the hospital on May 2, 1944, complain- 
ing of weakness, loss of weight and brown discoloration 
of the face of two months’ duration. She gave no his- 
tory of frank cardiac failure but admitted exertional 
dyspnea in excess of normal and occasional attacks of 
ortliopnea. All her life she had been easily fatigued 
and had been unable to keep up with her playmates. 
She had also noticed some edema of the ankles. There 
was no historj’ of chills or fever. 

On examination the patient appeared well nourished 
and normally developed. There were splotchy brownish 
areas of discoloration over the face, neck and e.xtremi- 
ties. ' No thrill was present, but a loud machinerv- 
murmur with systolic accentuation was audible in the 
third left intercostal space. The heart was not enlarged. 
The blood pressure was 112 systolic and 60 diastolic. 
The remainder of the examination was essentially non- 
contributorj’- 

The accessory clinical obsen-ations were: hemoglobin 
content 132 Gm. (85 per cent), erjthrocj-te count 
4,030,000 and leukocj-te count 6,160. The results of 
urinalysis were normal. Kahn, Kline and Mazzini tests 
of the" blood elicited negative reactions. , Electrocardio- 
graphic tracings were normal. Roentgenologic exami- 
nation of the chest showed no es-idence of cardiac 
enlargement, but the pulmonarj- conus was definitely 
prominent. Accentuation of the pulsations of the left 
ventricle, the aorta and the pulmonarj- vessels was noted. 

A diagnosis of patent ductus arteriosus and chloasma 
was made. The patient and her family were advised of 
the dangers of a persistently patent ductus arteriosus, 
and ligation was adrised. Operation was refused, and 
the patient left the hospital on Iklay 17. 

She returned on Feb. 20, 1945, stating that she wished 
to have the operation which had been adrised nine 
months earlier, since her husband and her local physician 
had stronglj- urged her to have it 

The physical conditions were essentially unchanged. 
The murmur was still clearly audible, but no thrill was 
present No additional observations were recorded. 

The accessorj- clinical cbseiwations were identical with 
those of the .previous admission. 

On February 20, tritli the patient under endotracheally 
induced cj-clopropane-ether anesthesia, the ductus was 
ligated, the technic described in case 3 being used. The 
duct in this case was smaller than that in the preceding 
case, measuring onlj- 8 to 10 mm. in diameter and 12 
to IS mm. in lengtli. The blood pressure changed sud- 
denly at the time of ligation from 124 systolic and 74 
diastolic to 124 systolic and 88 diastolic. The sj-stolic 
pressure later fell to 110, but the diastolic pressure was 
maintained at 90. 

Immediately after ligation the murmur disappeared 
and was not heard again during an uneventful con- 
valescence. The temperature showed a slight rise to 
101.1 F. on the second postoperative day but bj- the 
fourth day had returned to normal, where it remained 
without further variation. She received penicillin pro- 
phylactically for several days postoperativelj-. She was 


out of bed on the eighth day and went home on the 
eleventh daj-. On discharge her blood pressure was 
recorded as 100 sj-stolic and 70 diastolic; there was a 
decrease in pulse pressure of 22 mm. 

The patient returned to the clinic for her regular 
postoperative examination six weeks after operation. 
At that time she had no complaints. She volunteered 
the information that she no longer noted the excessive 
fatigue and exertional dj-spnea described before opera- 
tion. She wanted to return to her old job in the mill. 
Examination revealed no thrills or murmurs. The blood 
pressure was 120 systolic and 60 diastolic 

C.SSE 5. — K. M. G., a 19 j-ear old white married 
woman, was first treated at Duke Hospital March 4, 
1939 for acute sinusitis. While in the hospital, a thrill 
and a to and fro raachinerj- murmur were found in the 
second and third left interspaces. Albumin, red cells 
and casts were found in her urine. A diagnosis of a 
patent ductus arteriosus and chronic glomerulonephritis 
was made and conservative treatment initiated. The 
patient was readmitted twice during the followin.g six 
weeks for her sinusitis, and an ethmoidectomj- and a 
submucous resection were done. She was not seen again 
at this hospital until March 30, 1945, when she was 
examined in the gj-necologj- clinic regarding sterilitj-. 
The onlj- abnormalities found were retroversion of the 
uterus and chronic cervicitis. Conservative treatment 
for these conditions was recommended. She was sent to 
the medical clinic for evaluation of her cardiac status. 
Because of the presence of a persistentlj- patent ductus 
arteriosus, she was admitted to the surgical service on 
Maj' 7 for consideration of ligation. .A careful Iiistorj- 
was taken with regard to sj-mptoms referable to her 
patent ductus arteriosus, and the following facts were 
elicited: She was unaware that there was anj-thing 
wrong with her heart until approximatelj' eleven j-ears 
previouslj-, when her local physician, during the course 
of a routine e-xamination, found that she had a “leaking 
of her heart.” .Although she had never been able to 
keep up with other children because of excessive fati- 
gabilitj- and dyspnea, she was not seriouslj- bothered 
with the condition until several j-ears prior to her present 
admission, when these symptoms became more pro- 
nounced. 

Physical examination revealed a fairly well developed 
and nourished pale young white woman with a normal 
temperature, pulse rate and respiration rate. There 
was no cyanosis or clubbing of the extremities and no 
petechiae. The heart was not enlarged. There was a 
thrill over the second and third interspaces on the left 
with a systolic accentuation. .A machinery murmur, also 
with systolic accentuation, was noticed over the same 
areas. .A verj- soft apical sj-stolic murmur was present. 
The blood pressure was 110 sj-stolic and 70 diastolic in 
the left arm and 114 systolic and 70 diastolic in the 
right. The remainder of the phj-sical examination was 
noncontributory. 

.Accessory clinical observations were: hemoglobin 
content 13.3 Gm. (86 per cent), erythrocj-te count 
4,590,000 and leukocj-te count 9,080. Kahn, Kline and 
Mazzini tests of the blood elicited negative reactions. 
The blood nonprotein nitrogen level was 27 mg. per 
hundred cubic centimeters. Urinalj-sis showed nothing 
abnormal. .A phenol sulfonphthalein test showed normal 
excretion of the dje. The electrocardiographic report 
was not indicative of mj-ocardial disease. Fluoroscopic 
and roentgenographic examination of the chest revealed 
the lungs to be clear except for a moderate increase of 
\ascular markings throughout both pulmonary fields. 
The pulmonarj- arterj- was prominent, with increased 
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:ely, Stratinan-Thomas and Eliot ® and Knisely, 
Stratman-Thomas, Eliot and Bloch.® 

4. The reactions of various parts of the vas- 
cular system during and following hemorrhage 
initiated with a minimum amount of mechanical 
trauma to animals (unpublished). 

5. Tlie reactions of the blood and vascular 
system and the clianges in the circulation follow- 
ing mechanical trauma made with a minimum 
amount of hemorrhage from animals. 

Thus, we have been studying normal blood 
and vessel walls, surveying the condition of these 
in a number of diseases and trying to study the 
sequence of circulator}- phenomena seen in 
hemorrhagic shock uncomplicated by tramna, 
the sequence in traumatic shock uncomplicated 
by hemorrhage, and the pathologic circulator}- 
phenomena in P. knowlesi malaria uncomplicated 
by either trauma or hemorrhage. The over-all 
purposes are, of course, to recognize as many 
factors as possible of normal and of pathologic 
circulator}- physiolog}- and to detennine tlie 
kinds, magnitudes and sequences of pathologic 
factors present in each pathologic complex. 

Our studies of the changes in blood and vessel 
walls preceding and during traumatic shock are 
a direct outgrowth of the microscopic studies of 
the pathologic circulator}- physiolog}- of rhesus 
monkeys during acute P. Imowlesi malaria (see 
Knisely, Stratman-Thomas, Eliot and Bloch® 
and the motion picture “Knowlesi Malaria in 
IMonkeys” '). As outlined in the following para- 
graphs, tire studies on malaria provided back- 

5. Knisely, M. H. : Stratman-Tliomas, W. K., and 
Eliot, T. S.; Observ-ations on Circulating Blood in the 
Small Vessels of Internal Organs in Living }Iacaccus 
Rliesus Infected with Malarial Parasites, .-^nat. Rec. 
(supp.) 79:90 (March) 1941. 

6. Knisels', Ikl. H. ; Stratman-Thomas, W. K. ; Eliot. 
T. S., and Bloch, E. H. ; Knowlesi Malaria in 
Monkeys; I. Microscopic Pathological Circulatory- 
Physiology of Rhesus Monkeys During .Acute Plasmo- 
dium Knowlesi Malaria. I. Nat. Malaria Soc. 4: (Dec.) 
1945. 

7. .At several points in this paper there are references 
to scenes in the motion picture "Knowlesi Malaria in 
Monkeys." This 16 mm. Kodaclirome motion picture, 
taken through tire microscope, records several scenes of 
normal unagglutinated blood and normal vessel walls 
and then traces one set of factors of pathologic circu- 
latory physiology through lethal stages. The picture was 
made to make it possible to demonstrate some of our 
findings to physicians and medical scientists. It usually 
takes about sixty minutes to project the film. Copies of 
this film will be loaned free, except for transportation 
charges, to medical schools, medical societies, medical 
officers of the military- services and research groups. 
Requests should be sent either to Dr. M. H. Knisely-, 
Department of .Anatomy, University of Chicago, or to 
Dr. T. S. Eliot, Department of .Anatomy, University- of 
Tennessee, Memphis, Tenn. 


ground for and dues to follow in this series of 
studies, on traumatic shock. 

METHODS 

Two methods are being used for studying the 
blood and small vessels with microscopes. One 
is the fused quartz rod method of illuminating 
living tissues for microscopic study (Knisely ® 
and Hoerr®), which permits routine study in 
many internal organs of experimental animals 
at 32, 48. 96, 240 and 400 and less frequently at 
600 diameters’ magnification. The other consists 
in focusing stereoscopic dissection microscopes 
(32, 48 and 96 diameters) on the obliquely 
illuminated nictitating membrane and/or bulbar 
conjunctiva of anesthetized animals or unanes- 
thetized human beings. A Zeiss scale in one 
ocular permits rapid or continuous close esti- 
mates of the dimensions of structures observ-ed. 

At all times the blood coming down the arte- 
rioles of uninjured bulbar conjunctiva is a statis- 
tically valid sample of all the flowing arterial 
blood in the body. This was determined by open- 
ing an animal and stud}-ing the blood passing 
through many different organs. In frogs, obser- 
vations under various approximately physiologic 
and known experimentally produced pathologic 
conditions have been made of the vessels and 
blood in skin, brain, peripheral nerves, smooth 
muscle of the gastrointestinal tract, gastric mu- 
cosa, mesenteries, striated muscles, lung, adrenal 
gland tissue, kidney and liver (for operative 
technics see Knisely, Bloch and Warner^). In 
mammals, obsery-ations have been carried out 
in the surface of brain, omentum, mesenteries, 
striated muscles, smooth muscles of the gastro- 
intestinal tract, intestinal mucosa, uterus, ovar}-. 
spleen and liver. These studies have been carried 
out over a fourteen year period. At anv one 
time, the blood coming down the arterioles of 
all organs of an animal has the same mechanical 
consistency. In about 3,500 frogs, in 1.100 sala- 
manders (-Amblystoma), in 500 small laboratory 
mammals- — -mice, rats, guinea pigs and cats 
(Knisely ^») — and in 50 rhesus monkeys ('Knise- 
ly, Stratman-Thomas. Eliot and Bloch®), this 
has always been true. Hence, the blood coming 

S. (a) Knisely: (b) The Fused Quartz Rod 
Method of Illuminating Living Structures for ilicro- 
scopic Study, in McQung, C. E. : Handbook of Micro- 
scopical Techniques for Workers in .Animal and Plant 
Tissues, ed. 2, New York, Paul B. Hoeber, Inc.. 1937, 
pp. 632-642; (c) .An Improved Fused Quartz Rod Liv- 
ing Tissue Illuminator, Anat. Rec. 71:503 (.Aug.) 1938. 

9. Hoerr, N. L.: Illumination of Living Organs for 
Microscopic Study, in Glasser, O.: Aledical Physics, 
Chicago, The Year Book Publishers, Inc., 1944. p. 625.’ 
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It is apparent from the studies of Lindau and 
Johnston and Renner and Cobb ’• 
tliat the ulcers seen in I^Ieckel’s diverticulum are 
similar to gastrojejunal ulcers. About the only 
significant difference is the fact that the ulcers 
of Jleckel’s diverticulum occur primarily in child- 
hood and gastrojejunal ulcers occur in middle 
age. This difference can be explained ade- 
quately on the basis that Meckel’s diverticulum 
is a congenital anomaly whereas the gastro- 
jejunal ulcer is the handiwork of the surgeon. 

Symptoms . — Estes in 1932 described the pre- 
dominant symptom as being pain one to one 
and a half hours after eating. This pain was 
similar to or more severe than the original ulcer 
pain and located to the left of the midline of the 
epigastrium, with tenderness at this point on 
palpation. Benedict described the symptoms of 
gastrojejunal ulcer as being pain, hematemesis 
and melena. He found diat the pain was usually 
lower than the original pain and to the left of 
the umbilicus and sometimes extended to the 
left groin. Apparently this pain was not a pre- 
dominant s 3 ’mptom after a fistula was established. 

Walton reported tliat there were two definite 
groups of cases clinically. In the first, hema- 
temesis is a predominant symptom, and in the 
second, and more common, variety, he found 
that in the earlier stages there were mild degrees 
of discomfort and flatulence. This was replaced 
later by definite pain simulating that from the 
original lesion, tlie attacks of pain being periodic 
but’ more severe than that from the original 
lesion and frequently awakening the patient at 
night. The pain, he found, was referred to the 
lower part of the abdomen and especially to the 
left iliac fossa. Vomiting was found to occur 
frequently and usually gave transient relief from 
the pain. 

.\ccording to Wright, pain was the cardinal 
symptom in his series of 458 cases. 

Walters and Clagett’® in 1939 stated that a 
gnawing hunger tj^pe of pain came on between 
meals and occasionally awakened the patient at 

15. Lindau, and Wulff, H.; Peptic Genesis of 
Gastric and Duodenal Ulcer, Especially in Light of 
Ulcers in Meckel’s Diverticulum and Postoperative Ul- 
cers in Jejunum, Surg., Graiec. & Obst. 53:621-63-1 
(Kov.) 1931. 

16. Johnston, L. B., and Renner, G., Jr. : Peptic Ulcer 

of Meckel’s Diverticulum: Report of Two Cases 

and a Review of the Literature, Surg.. Gynec. &: Obst. 
59:198-209 (.A.ug.) 1934. 

17. Cobb. D. B. : Meckel’s Diverticulum with Peptic 
Ulcer, .Ann. Surg. 103:747-764 (May) 1936. 

IS. AValtcrs. \)'., and Qagett, O. T. : Gastrojejunal 
Ulcer; .A Study of One Hundred and Fifty-Five Cases. 
.Am. J. Surg. 46:83-93 (Oct.) 1939. 


night. The pain could be relieved by food or 
alkalis but was not as easily controlled as the 
distress of the original lesion. .Mthough the pain 
could be epigastric, it frequently shifted below 
and to the left of the site of the original distress. 

Rivers and Gardner in 1940 concluded that 
the symptoms were similar to those produced by 
the original lesion but that gastrojejunal lesions 
were more penetrating, caused more constant dis- 
tress and more distress at night and were less 
easil}- relieved by food and alkali. Thej- men- 
tioned that obstruction may distort the ulcer sjm- 
drome but that if there are no complications 
these lesions send pain along the splanchm'c 
nerves as Hsceral phenomena. Pain of a per- 
forating ulcer caused time stimulation of the 
spinal sensor)' nen'es with referred pain along 
the distribution of the sensory' nerv'es. 

PRESENT INVES-nG.yTIOX 

Age . — It was found in our study of 100 cases 
that gastrojejunal ulcer is a disease of middle 
age. The ages of the majoritj' of patients (81) 
ranged from 30 to 59 years. The range of ages 
of the 100 patients was from 19 to 73 years. 
These figures compare favorably with the results 
of other investigah’ons. 

Sex . — Duodenal ulcer has been shorra to be 
primarily' a disease of men. Since most of the 
gastrojejunal ulcers in the cases herein studied 
folloyved operative procedures aimed to cure or 
relieve patients suffering from duodenal ulcers, 
it can be assumed that gastrojejunal ulcer should 
occur more often in men than in women. In 
the present study, 93 of tlie patients yvere men 
and 7 yvere women. 

Symptoms . — Pain yvas the most common sj'mp- 
tom of gastrojejunal ulcer in our patients. Pain 
of one sort or another yvas present in 86 per 
cent. Although pain was rather constantly 
encountered, its location varied greatly. In some 
the original pain produced b}' duodenal ulcer, 
yvhicli yy'as usuallj' in the epigastrium, occurred; 
in others the pain extended doyy'nyy'ard to either 
the right or the left side of the umbilicus or up- 
yvard to the shoulder blades, as does tlie pain 
from cholecystic disease. -At times the pain ex- 
tended doyy'nyy'ard as far as the groin. This sliift- 
ing of pain doyy'nyvard from its original site yvas 
described by' 55 per cent of tlie 86 patients in 
yvhom pain yvas present and yvas not mentioned 

19. Rivers, A. B.. and Gardner, J. A\'. : Recurrent 
Peptic L’Icer: Situation of Recurrences and the Impor- 
tance of Studies of Pain in the Recognition of Such 
Recurrences. J. .A. M. .A. 115:1779-1785 (Xov. 23) 1940. 
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once to a little more than twice or even two and 
a half times the diameter of tlie red cells which 
pass through them. The red cells usually pass 
in single file or, at most, a double row. When 
a capillary contracts or is compressed to just a 
little less tlian the diameter of the contained 
red cells, the red cells rub on the inner surface 
of the endothelium and thus resist passage, and 
tlie flow through that vessel soon stops (see 
Krogh,“ page 11. and Knisely^^). Most true 
capillaries can dilate without losing tonus, weak- 
ening and sacculating to a little more, but usually 
not much more, than two or two and a half 
times the diameter of the contained red cells 
(Krogh,” p. 335, and Knisely, Stratnian- 
Thomas, Eliot and Bloch®). The arterioles of 
most of tlie organs in frogs and mammals which 
we have studied are long, narrow, tapering cones. 
During tlie flow of blood tlirough them, their 
outlet tips varj- either anatomically or function- 
ally from a little wider to a little narrower than 
the capillaries or sinusoids tliey join and supply. 
These statements are true of the arterioles and 
capillaries of the bulbar conjunctiva of human 
beings and almost certainly true of the arterioles 
and capillaries of many other human organs 
during life. Arteriovenous anastomoses have 
thus far been found in but a few organs of any 
one species. The arteriovenous anastomoses 
which have been found are often closed and 
when open are frequently but two or three times 
the diameter of the red cells passing through 
them (see the reviews by E. R. Qark*® and 
Boyd . These are key points for understanding 
some of the pathologic processes initiated by 
intravascular agglutination of the blood, for they 
show that most of the time, under most condi- 
tions, nearly all tlie circulating blood must pass 
through vessels having an internal diameter from 
about once to twice or at most three Umes that 
of the red cells on every trip from the left side 
of the heart through the circulator)- system and 
return. Thus, as is well knorni but not always 
remembered, the arterioles and capillaries are a 
perpetual “bottleneck” in the vascular system. 

C. Some Changes in the Blood and Vessel 
Walls During Stage III of F. knowlesi Ma- 
laria . — ^At the beginning of stage III of the 
pathologic circulator)' physiolog)- of rhesus 
monkeys with P. knowlesi malaria, a thick, 
glassy precipitate forms between and around all 
the blood cells of the animal. In tliis malaria, this 

15. Clark, E. R. : Arterio-Venous Anastomoses, 
Physiol. Rev. 18: 229 (.'\pril) 1938. 

16. Boyd, J. D. : Arterio-Venous Anastomoses, Lon- 
don Hosp. Gaz. (Clin. Supp.) 42 :i (July) 1939. 


precipitate forms tliroughout all of the animal’s 
circulatory system at one time. The process 
acts as though it were autocatal)-tic ; once it 
starts, it usually goes on to completion in from 
ten to about twenty minutes. This precipitate 
binds the animal’s red cells together in wads 
and masses (no# rouleaux), which by micro- 
scopic standards are large, semirigid and tough, 
and thereby rapidly changes all the animal’s 
circulating blood into a thick, mucklike sludge. 

As soon as the blood has changed to this 
tliick, pasty sludge, a definite sequence of events 
takes place. Three major steps are as follows : 

1. This sludge resists its own passage through 
small vessels much more than does normally fluid 
blood; consequently, the rate of flow through 
small vessels all over the body becomes progres- 
sively slower than the normal rates for each 
degree of dilatation of each vessel. This in- 
creased resistance to flow and consequent re- 
duced rates of flow through the capillar)* beds 
slowly, progressively and inescapably leads to 
various degrees of stagnant anoxia all over the 
body. 

2. There is a time interval of variable length 
during which (n) the reduced rates of flow 
are unmistakable and (&) there is still no visible 
hemoconcentration of the sludge passing through 
peripheral vascular beds. During this period, 
the flow through each small vessel is slower than 
the normal rate for whatever degree it is dilated 
but the vessels have not yet begun to leak per- 
ceptibly (see the scenes following titles 29. 30 
and 31 in the Knowlesi Malaria film*). After 
the sludged blood has been flowing too slowly for 
a time, the walls of postcapillar)* venules and 
■small venules lose their ability to retain blood 
colloids. Anoxia of the endothelium is alone 
sufficient to cause this (see Starr Starling^®; 
I.andis^®; Krogh,“ pp. 321, 326 and 335; 
Maurer ; Warren and Drinker ; Drinker,-- 

17. Starr, I., Jr.: Production of Albuminuria by 
Renal Vasoconstriction in Animals and ^Man. J. Exper. 
Med. 43: 31 (Jan.) 1926. 

18. Starling, E. H. : Prindples of Human Physiology, 
ed. 4, Philadelphia, Lea & Febiger, 1926, p. 854. 

19. Landis, E. M. : Micro-Injection Studies of Capil- 
lary- Permeability: III. The Effect of Lack of Oxygen 
on the Permeability- of the Capillary Wall to Fluid and 
to the Plasma Proteins, .‘\m. J. Phvsiol. 83: 528 (Jan.) 
1928. 

20. Jifaurer, F. W.: The Effects of Decreased Blood 
Oxygen and Increased Blood Carbon Dioxide on the 
Flow and Composition of Cervical and Cardiac Lymph. 
.•\m. J. Phy-siol. 131: 331 (Dec.) 1940; The Effects of 
Carbon Monoxide -•Anoxemia on the Flow and Com- 
position of Cervical Lymph, ibid. 133:170 (May) 1941; 
The Effects of .'\noxemia Due to Carbon Monoxide 


(Footnotes continued ^or. next fege) 
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vealed such a process (fig. 5 b). In view of these 
low figures, it is probabh' safe to assume that 
suture material does not pla}- the significant role 
it was thought to plaj’ in the production of ulcer. 

^lagnesium silicate, such as is found in talc, 
also has been considered a foreign body capable 
of producing inflammatory changes and probabh’ 
ulcers. The histologic preparations were exam- 
ined under, the polarizing microscope, and identi- 
fication of the crj-stals \\as made according to the 
method described by Ramse}'.-" In approxi- 
mately 8 per cent, magnesium silicate was found 
(fig. 5 c). .\lthough this percentage is not large 
and certainh’ cannot be considered enough evi- 
dence for any conclusions concerning the role of 
magnesium silicate in the production of ulcer, 
the possibility that talc may be an etiologic factor 
should not be entirely overlooked. The obvious 
source of this foreign body is the talc (U. S. P.) 
used on surgeons’ gloves. 

The cases were reviewed in an attempt to cor- 
relate the severitj’ of clinical symptoms A\'ith the 
pathologic changes, but little correlation was evi- 
dent. In some instances of severe gastrojeju- 
nitis only mild symptoms occurred, whereas, on 
the other hand, in some cases of mild gastrojeju- 
nitis clinical symptoms were rather severe. 

20. Ramsey, T. L. : Magnesium Silicate Granuloma, 
.\m. J. Qin. Path. 12:553-558 (Nov.) 1942. 


SUMMARY 

The incidence of ulceration following gastro- 
enterostoin}- for duodenal ulcer has been reported 
in the literature as varying from about 2 to 4 
per cent. In general, the incidence reported in 
the literature for ulceration following gastro- 
enterostomy for gastric ulcer is much less. In 
the present study, a detailed clinical and patho- 
logic stud}- was done in 100 cases in which resec- 
tion of the stomach was carried out for gastro- 
jejunal ulcer. Parietal cells were seen in the 
gastric mucosa adjacent to the gastric enteric 
stoma in the majority of these cases. In 81 of 
the 87 cases in which it was possible to determine 
the site of ulceration in relation to the anasto- 
motic line, the ulcer occurred on the jejunal side, 
in 3 on the gastric side and in 3 on the anas- 
tomotic line. Simple epithelial cysts were found 
at or near the anastomotic line in approximately 
1 in 5 cases. Brunner’s glands were foimd occa- 
sionally in the jejunal mucosa adjacent to tire 
stoma. The majoritj' of cases showed gastro- 
jejunitis of moderate or severe degree. There 
was little or no correlation between the degree of 
severitj- of the symptoms and the degree of gas- 
trojejunitis. Suture material and magnesiimi 
silicate were found in the region of the gastro- 
enteric stoma but appeared to have little direct 
relationship to the ulcer. 
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owl}’, but for a time the walls of vessels do 
■ >t leak perceptibly. (3) When the flow has 
seen slow enough for a long enough time, post- 
capillar}’ venules begin to leak, at first slowly 
: I 1 then more rapidly. (4) Venule walls leak 
so rapidly that masses of coated cells are left 
stranded in the vessels. (5) The stranding of 
coated masses in vessels and loss of fluid from 
vessels causes a progressively decreasing cir- 
culating blood volume and venous return. (6J 
The rapid ingestion of coatings containing en-- 
throc}’tes by the phagocytes of liver, bone mar- 
row and spleen acts toward causing and main- 
taining (a) low red cell counts (anemia) and 
(fc) progressively decreasing circulating blood 
volume. 

Hmu Studies of Malaria Led to Studies of 
Traumafie Shock . — ^When the formation of the 
stage III precipitate was seen with the micro- 
scope in a living monkey infected with P. knowl- 
esi, the chemical and immunologic natures of 
the precipitate immediately became important 
problems. Consequently, samples of this heavily 
sludged stage III blood were drawn into oiled 
and heparinized or oiled and citrated syringes, 
injected into little petrolatum-ringed pools of 
citrated mammalian Ringer solution on micro- 
scope slides and examined by direct light and 
by dark field illumination. 

In the living animal, all the red cells were 
held together in wads and masses. On the slide, 
not more than two minutes afterward, some 
clumps had separated; the rapid, forcible swirl- 
ing of the blood as it passed into and out of the 
syringes and/or the solutions used caused many 
clumps to disintegrate into individual red cells. 
However, many masses of clumped red cells re- 
mained. By transillumination in vitro, the ma- 
terial which held these clumps together was not 
visible. By dark field illumination, it was ob- 
vious that a thick, glassy, cottony precipitate was 
present between and around all the red cells 
of each clump. (This is shown in the Knowlesi 
INIalaria film following title 48 a). 

Bloch pulled some of these clumps apart with 
a Chambers microdissector (see Chambers and 
Kopac,-' pp. 62-109). The precipitate which 
held the erythrocytes together was fairly abun- 
dant and had a string}- or gluey or tarry con- 
sistency. By microscopic standards, it was rather 
tough. The appearance and consistency of the 
precipitate suggested that it might be largelv 

25. Chambers, R., and Kopac, M. J. ; Micrur^cal 
Technique for Study of Cellular Phenomena, in 
McClung, C. E. : Handbook of Microscopical Techniques 
for Workers in .Animal and Plant Tissues, ed. 2, Xew 
York. P.aul R. Hoeber. Inc., 1937, pp. 62-109. 


fibrin or some fibrin-like material. Conse- 
quently. we decided to try to form some fibrin 
within the vascular system of a normal monkey 
to see what freshlv formed, intravascular fibrin 
would look like in the living animal. 

MICROSCOPIC EXPERIMENTS WITH 
MECH.A.NIC.’\L TRAUMA 

/. Experimental Crushing of Monkey Omentum . — A 
t-oung, vigorous male monkey was selected and anes- 
thetized with pentobarbital sodium given intrapleuralIy.-'= 

When the animal was asleep, an eyelid was reflected 
(its tarsal plate keeps it flat) and the reflected poruon 
transilluminated with a fused quartz rod to permit 
microscopic study of the circulating blood and the vessel 
walls of the inner surface of the eyelid. This area was 
than studied at 32, 48 and 96 diameters to see whether 
the blood and the vessel walls were normal. During 
these observations, made to help select a normal experi- 
mental animal and as controls for possible effects of the 
laparotomy which followed, the vessel walls and the 
blood flowing in them looked perfectly normal, for (a) 
the circulating red blood cells were not agglutinated. 

(b) each red cell which bumped a vessel bifurcation 
turned over easily, demonstrating that the plasma vis- 
cosity was within the normal range, (c) no white cells 
were sticking to the walls of small vessels, (<f) no visible 
hemoconcentration was occurring in any small vessel. 

(c) there were no emboli in this area and no minute 
thromboses and (/) the flow of the normal unaggluti- 
nated blood in small venules was laminar, or “stream- 

26. We did not want an anesthetic solution in high 
concentration on omental tissues which were to be ob- 
served with microscopes, and the rates of absorption 
from subcutaneous fasdas are irregular and unpredirt- 
able. Solutions of crystalloids are absorbed rapidly 
from the pleural space, probably because (a) the outer 
surface of the lung has great numbers of capillaries. 
(6) the lateral pressure within lung capillaries is much 
less than that of the inwardly directed oncotic “attrac- 
tion” force of the dissolved blood proteins, (c) the flow 
through these vessels is rapid and (d) there is a con- 
tinuous mixing and spreading of films of fluid in the 
pleural space due to the respirator}- excursions of the 
lung. Hence, the pentobarbital sodium was given intra- 
pleural ly. 

The calculated dose of pentobarbital sodium is divided 
into fourths. At first, two quarter-doses are given ; after 
fifteen minutes, the third quarter, and after fifteen 
minutes more, the fourth quarter-dose. A fifth quarter- 
dose is given later if necessary and an additional quar- 
ter-dose or eighth-dose given whenever necessarv-. This 
maintains a controlled, nearly even anesthesia. Care 
must be taken (o) to avoid the intercostal arteries and 
veins to prevent hemorrhage (a small needle [no. 27] is 
less apt to injure an arterv- than a large one), (6) to be 
sure to go all the way through the intercostal muscles 
and reach the intrapleural space and (c) to be sure not 
to injure the lung. As the lung has a wide respirator} 
excursion, it can be snagged on an inwardly projecting 
needle: the needle should not be pushed in any farther 
than necessaiy. We ground needle tips off a little to a 
smooth, rounded point, which can be pushed through the 
skin and muscle but is more apt to indent than to cut 
the resilient lung tissue. 
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and rarefaction of the neck of tlie femur. This was 
definitely thought to be due to a patliologic fracture 
resulting from bony metastasis. 

Co:irsc . — A biopsy of the femur at the fracture site 
was made on March 28. ^ficroscopic sections showed 
interlacing bundles of spindle-shaped cells resembling 
smooth muscle cells and little intercellular substance. 


mitotic figures were observed, and these were atypical 
forms. 

The biopsy wound became infected, and there were 
an associated fever and leukocytosis. Culture of mate- 
rial from the wound grew beta hemolytic Staphylococcus 
aureus. Local irrigations and sulfamerazine by paren- 
teral injection were given, without improvement. 



Fig. 7. — Low power photomicrograph of a section taken from the tumor involving the femur. Xotice the 
interlacing bundles of spindle-shaped cells and the variation in shape and in density of staining of the nuclei. 


There was palisading of the nuclei. In the entire 
section, the tissue was more cellular and less uniform 
in structure than in the ordinary benign leiomyoma. 
The nuclei in many areas showed inequality in size 
and ^•ariation in shape and in density of staining. Irregu- 
lar pyknotic masses of nuclear substance were observed 
in large numbers, but comparatively few clearly defined 


Subsequent roentgenologic examinations of the region 
of the left hip showed (figs. 3, 4 and 5) progressive 
damage and destruction of the head and neck of tlie 
left femur. .Additional films of the chest showed no 
evidence of pulmonary metastases. 

The patient's course continued to be septic; she 
rapidly lost weight ; a large severe decubitus ulcer 
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significantly, probably because all the vessels 
of the area rvere by microscopic standards fairly 
large; arterioles, arteriovenous anastomoses and 
venules of this size have substantial, smooth mus- 
cle coats. 

6. At tlie moment the finger mas removed 
from the tissue, few if any white cells were stick- 
ing to the walls of injured vessels. However, 
many of those brought in by the flowing blood 
adhered to the injured walls. Hence, in a few 
moments white cells had accumulated, one or 
two and even three layers deep and in irregular 
masses on injured endothelial surfaces (see the 
figure and consult E. R. and E. L. Clark ^®). 


to determine the precipitation rate (Nygaard , 
and (c) to record the scene for further study. 
The scene is somewhat underexposed, satisfac- 
torj' for research purposes or private showing 
but not for general distribution. 

Copies of this film were later spliced into loops 
for continuous projection to permit several per- 
sons to study tlie scene together, repeatedly, 
detail br’ detail. The outline of the figure is a 
cine tracing of the scene, made by projecting 
the film onto a large sheet of drandng paper 
while an artist traced the outlines of the sta- 
tionar}- structures (Brown and Sheard ®®). Thus 
these outlines and the scale have about the same 
accuracy as a good camera luejda drawing. The 



Cine-tracing o£ a motion picture of blood flowing through crushed monkey omentum. Ari, arterj- ; V, vein ; 
Al'A, arteriovenous anastomosis; FC, fat cells; T/i, thrombosed venule; IVC, masses of white cells stuck on inner 
surface of injured venule; FB, fluid blood; PB, precipitated blood, and SLUDGE, masses of precipitated-agglutinated 
blood. Note the scale in upper left Arrows show direction of blood flow. The details of the precipitated-aggluti- 
nated blood were added by the artist while studying a looped continuous projection of the scene. 


The adhering masses of white cells were contin- 
uallj' being bumped by wads of the rapidly mov- 
ing sludge; from time to time masses of tliese 
white cells were forced loose from the vessel 
lining and carried downstream to the general 
circulation. 

This microscope field was then photographed 
on Kodachrome motion picture film at 24 frames 
per second and a Zeiss microscope scale photo- 
graphed with the same lens combination, in order 
(a) to measure the dimensions of the structures 
present, (h) to find out how long it was taking 
fluid blood to change to thick past}- blood, i. e,. 


following additional results were obtained from 
studies of the film. 

7. The blood was fluid at point FB and rather 
solidly precipitated at PB- The precipitation 
end point is not exact, however, nor exactly de- 
terminable from the scene. Nor was the pre- 
cipitation rate constant. Sometimes fairly solid 
precipitates were formed in blood which had 

29. Nygaard, K. K. : Hemorrhagic Diseases — Photo- 
Electric Study of Blood Coagulabilit}-, St. Louis, C. 
Hosby Company, 1941. 

30. Brou-n, G. E., and Sheard, C. : Measurements of 
the Skin Capillaries in Cases of Polycr-themia A'era and 
the Role of These Capillaries in the Production of 
Erj-throsis, J. Oin. Investigation 2 : 423 (June) 1926. 
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Operation was indicated in this group of 9 
cases by the evidence of acute cord compression 
and the failure to demonstrate a primary lesion. 
Preoperative stud}’ was limited to complete his- 
tory, physical examination and roentgen ray 
examination of the chest. The effects of the cord 
compression were generally unrelieved by oper- 
ation, but the pain was alleviated in the majorit}- 
of cases by the decompression afforded the spinal 
roots. 

The tumors grossly were all extremely friable 
and encircled the dura both anteriorly and pos- 
teriorly. The laminas and the spines were al- 
ways more extensively involved than the roent- 
gen ray picture would lead one to believe, ilicro- 
scopically the tissue was easily identified, al- 
though in several cases necrosis was so pro- 
nounced tliat histologic diagnosis rested on rela- 
tively small intact portions about the peripher}’ of 
the lesion. Five of the lesions were adenocarci- 
nomas, two were squamous cell epitheliomas and 
two were undifferentiated. 

MYELOMAS 

The lesions in this series that proved to be 
myelomas were associated with a uniform clini- 
cal picture. The patients were in the fifth to 
seventh decades of life, and all complained of an 
abrupt onset of s}’mptoms of cord compression 
(three days to three months). There was 
roentgen evidence of vertebral erosion, usually in 
the thoracic region, and all patients had complete 
spinal subarachnoid block when tested by the 
Queckenstedt maneuver and/or by myelography 
after injection of iodized poppyseed oil (table 3). 
Six of the seven myelomas occurred in men. 
The acute onset of cord compression, preceded 
perhaps by a few months’ history of localized 
root pain, was the first evidence of this usually 
widespread disease. In many instances, the 
exigencies of the acute cord compression com- 
pelled operation before complete roentgenologic 
studies of the skeletal system had been made. 
However, in the only 2 patients completely 
studied preoperatively (cases 12 and 15), the 
vertebral lesion causing the compression was an 
isolated one. One of these patients died three 
months postoperatively, without evidence of 
other involvement (case 15), but the other 
showed roentgenographic evidence of rib involve- 
ment four months after operation (case 12). 
Three patients were not sufficiently studied at 
any time prior to or after death to allow us to 
state whether the lesion of the vertebra was 
solitary or not. In the remaining 2 cases, other 
scattered lesions were demonstrated before the 


patients were discharged from the hospital. Al- 
terations in the serum proteins and presence of 
Bence-Jones protein in the urine were not ob- 
sert'ed in the 3 cases in which appropriate labor- 
atoiy- examinations were done (cases 11, 12 and 
14). 

The epidural mass found at operation was 
usually described as extremely vascular and ring- 
ing the dural sac. However, in 2 instances the 
lesion was entirely anterior to the dura, the dural 
sac and cord kituckling over the mass. The 
tumors were composed of closely packed masses 
of cells which resembled plasma cells, although 
varying degrees of pleomorphism were observed. 
The resemblance to plasma cells was always 
sufficiently pronounced for ready identification. 
As a group these patients succumbed rapidly, 
the longest survival being fourteen months. One 
patient is still alive, having sur\'ived operation 
for one year. 

The age and sex incidence in our small group 
is in accord with that noted in the literature." 
The vertebrae are among the more commonly 
involved bones (Ewing ® and Geschickter and 
Copeland ^). Denkes and Brock ® emphasized tlie 
frequency of neurologic signs and called attention 
to a group of patients who presented paraplegia 
as an initial symptom. According to these 
authors, the thoracic vertebrae are the ones most 
frequently involved. Davison and Balser ® have 
reported 6 cases in which there were spinal in- 
volvement and cord compression. 

Willis • has emphasized the rarit}’ of solitary 
myelomas as compared with multiple lesions. 
He stated that of those which appear solitary 
when they first come under observation a num- 
ber will subsequently become multiple, usually 
within the first year. Three of our patients are 
known to have multiple lesions. We cannot be 
certain of the solitary nature of the myeloma in 
the other 4 cases because clinical study was in- 
complete. Furthermore, Sproul ® has pointed out 

2. .•\tkinson, F. R. B. ; ^tultiple ytyelomata, AI. Press 
195:312, 1937. 

3. Ewing, J.: Neoplastic Diseases, ed. 4, Philadel- 
phia, W. B. Saunders Companj’, 1940, p. 328. 

4. Geschickter, C. F., and Copeland, II. M. : Tumors 
of Bone, New York, American Journal of Cancer, 
1936, pp. 448-449. 

5. Denkes, P. G., and Brock, S.: The Generalized 
and Vertebral Forms of Myeloma : Their Cerebral and 
Spinal Complications, Brain 57:291, 1934. 

6. Davison. C., and Balser, B. H. : Myeloma and Its 
Neural Complications, ,\rch. Surg. 35:913 (Nov.) 1937. 

7. Willis, R. A.: Solitarj- Plasmocj-toma of Bone, 

J. Patli. & Bact. 53:77, 1941. 

S. Sproul, E. E. : Multiple Myeloma, in Nelson's 
Loose-Leaf Living Medicine, New York, Thomas Nel- 
son & Sons, 1941, vol. 4. pp. 9L-\-91GG. 
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4. For a time after the crush, the rate at which 
sludge is poured into the venous system can 
be as fast as the rate of flow through an open 
vessel in the crushed area. 

5. This sludge can be formed in an area from 
which or into which there is (<t) jio hemor- 
rhage and (/>) but little loss of plasma through 
injured vessel walls. 

6. When first formed, some of the masses have 
sufficient internal rigidity to bulge the walls of 
the vessel through whicli they are being forced; 
if not changed, such masses would resist passage 
through capillaries. 

7. When first formed, the outer surfaces of 
the precipitated material are stick}- to each other ; 
hence, if not changed, masses coated with this 
material must, whenever tliey touch each other, 
tend to stick together and form larger masses. 

8. The precipitated material contains er}-thro- 
cytes and may be ingestible by the phagocytes of 
spleen, bone marrow and liver. If the ma- 
terial is phagoc}-tosed, the contained eiythro- 
cytes would be removed from the circulatorv 
system and destroyed. 

JVorkiug Hypothesis . — Putting tliese bits to- 
gether, one can formulate a working hypothesis 
about meclianisms which might cause death after 
crushing injuries. This hypothesis can perhaps 
best be stated as a set of general questions, as 
follows : 

1. Can the crushing of tissues cause the release 
of substances from the crushed tissues which can 
cause the precipitation and agglutination of blood 
flowing through or beside the crushed tissues? 

2. Can the crushing of gross regions of the 
human body or of specific tissues or organs initi- 
ate processes which can change all the circulating 
blood to a sludge whose masses are large enough 
and rigid enough to retard the flow in small 
vessels enough to cause them to become anoxic 
and leak? 

3. From crushing injuries alone, can the cir- 
culating blood be changed to a sludge which 
resists flow through small vessels enough to 
cause rapid local fluid losses all over the bodv 
plugging of vessels' with agglutinated masses, 
decreasing circulating blood volume, failure of 
venous return and deatli? 

4. Following trauma, does rapid ingestion of 
coatings containing red cells by the phagocytes of 
liver, bone marrow and spleen (a) contribute 
to decreasing the total numbers of circulating 
red cells and (f?) assist in causing progressivelv 
decreasing circulating blood volume? 


5. In many injuries, hemorrhage and trauma 
are of course both present. Can the.'c sludge 
mechanisms contribute to the decreasctl venous 
return in animals and human patients who 
have suffered combinations of hemorrhage and 
trauma? 

These five questions define the broad outlines 
of the problem. Note that the questions deal 
with (o) concepts of chemical reactions, (b) 
concepts of degree and (r) concepts of rates. 
The rest of this paper is an attempt to find the 
beginnings of the answers to the first of tliese 
questions. 


Reflections About the First General Question. 
— Consider the first general question in the afore- 
mentioned series. Obviously this question needs 
subdividing, for it contains or implies questions 
such as these: 

.■\re the precipitation and agglutination of the 
blood flowing past the injury due to tiie libera- 
tion of one or more diffusible substances from 
injured tissues? Is the same diffusible substance 
released from each crushed tissue r hat mo- 
tors determine the rates of release of the it 
fusible substances? If such diffusible substances 
are released from injured tissues, do the} a na}S 
react and then become inactive at or verv' near 
the site of injur}-, or may they be earned m 
the circulating blood for a time and act later, 
after they have accumulated to or above some 
threshold' concentration? That is. ma\ some 
one or more of such diffusible substances act 
immediatelv and some accumulate m soluhon m 
the circularing blood for a ume after an mjury- 

j 1 ^ „i,,ncrpq in tlic mechanical con- 

and later initiate changes m 

sistenev of the circulating b oo 

rannot at present be tested 

These questions cannui i 

directlv. but. as a first step m finding the answers 
to them, the following questions can be asked, 

1 - 1 - 1 , be tested bv direct methods, 

each ol -which can 

(a) Which tissues or organs cause sludging 

\ , j „ftpr thev are crushed ? 
of the blood alter uic 

are the diaractenstics ot the sludge 
j I,,- the crushing of each tissue? Are 
the slSges' thus produced alike or visibly dif- 
ferent? . . 

^ \ vTniv slight an injure causes slud^ins; of 

_ - - 

What degree of severit}- of injur}- is 
present after tissue is crushed? What happens 

after each ? 

For how long a time after a tissue is 
crushed does the sludging of the blood continue? 
What factors determine the duration of this 

process .' 
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GIANT CELL TUxMOR OF BONE 

The clinical picture presented in the 3 cases in 
this group was remarkably consistent. The pa- 
tients were in the second decade of life, and the 
onset of cord compression was relativel}- abrupt 
(table 5). Pain in the back had been present for 
a matter of months, but the duration of cord 
compression was given as six weeks, four weeks 
and two days, respective!)’, and progressed 
rapidly. The lesions were all tlioracic in location, 
and the roentgenograms showed erosion of the 
spines, pedicles and/or bodies of the vertebrae. 
There was no histoiy of trauma. The occurrence 
of such lesions in the vertebrae of young persons 
is the subject of a number of reports in the 
literature, as is the relativel)' rapid progress of 
cord compression, which is seen to some degree 
in about 50 per cent of cases. The site, how- 
ever, is not limited to the dorsal area but is well 


Lewis.^^ The frequency with which spindle cells 
predominate in the giant cell tumors of the small 
bones, especially the vertebrae, has been pointed 
out by Geschickter and Copeland,^^ who ex- 
pressed the opinion that it, along with the new 
bone formation, is evidence of a healing reaction. 
Although not conspicuous, this feature, is seen in 
our cases. These variations of the giant cell 
tumor of small bones from the typical epi- 
physial giant cell tumor — the frequent finding 
of new bone formation, the predominance of 
spindle cells and the age distribution — all sug- 
gest a relationship to bone cyst. Our cases are 
representative of the usual age distribution of 
vertebral giant cell tumors, whereas giant cell 
tumors of other situations commonly occur at a 
later age.*'’ Most authors are agreed that the 
giant cell tumor of the spine is benign,** and 
Geschickter 'and Copeland stated*^ that it has 


Table S. — Giant Cell Tumor of Bone (5.6 per Cent) 


Case 

Age, 

yr. 

Sez 

Duration 
of Pain 

I>uration 
of Cord 
Compression 

Boentgenogram 
of Spine 

Location of 
Epidoral 
Lesion 

Roentgen Bay 
Therapy 

Eesnlt 

23 

10 

r 

2 mo. 

Imo. 

Erosion vertebral 
body and facets T-S 

T-5 

Two conrses, 1 wfc. 
and 3 mo. postopera- 
tively (amount of roent- 
gens not known) 

Wen, 9 yr. 

21 

20 

F 

4 mo. 

2 days 

Erosion spines and 
pedicles T-4 and T-5 

T-3 to T-3 

2,1«) r 2 mo. post- 
operatively (in one 
course over 1 mo. 
period) 

Wen, 2 yr. 

25 

15 

M 

9 mo. 

6 wk. 

Erosion pedicles 

T-C and T-7 

T-7 

Incomplete course 
of 2CP r 2 weeks 
postoperatlvely 

Well, 314 yr. 


distributed throughout the entire length of the 
vertebral column. 

The operative findings were similar in each 
case. An encapsulated epidural tumor mass was 
found, its bulk posterior to the dural sac, but 
with a tendency to extend forward about the 
dura in the lateral gutters of the intravertebral 
canal. Connection with the bony defects seen on 
roentgenographic examination was not remarked 
on. On section, red soft granular but not friable 
tissue was seen to lie between fibrous bands. 

The tumors were composed of giant cells scat- 
tered in varying numbers in a vascular and cellu- 
lar stroma (fig. 2). The giant cells were of the 
type commonly seen in giant cell tumors of bone, 
generally with numerous small, ovoid nuclei. 
The stromal cells were of moderate size and 
eitlier rounded or spindle shaped. In 1 of our 
cases there were extensive areas of hemorrhage 
and the giant cells were relatively infrequent. 
The sections of two of the lesions showed exten- 
sive new bone formation, a feature of the verte- 
bral giant cell tumor emphasized by Dean 


even less tendenc)- to recur than do giant cell 
tumors in other locations. All 3 of our patients 
are well after surgical curettage and postoper- 
ative irradiation after t\vo, three and a half and 
nine years respectively. 

JIISCELLANEOUS EPIDURAL TUMORS 

Lymphosarcoma . — ^There were only 2 cases of 
lymphosarcomas in our series, although several 
other cases had been previously so classified 

14. Lewis, D. : Primarj' Giant Cell Tumors of the 
Vertebrae, J.A.MA. 83:1224 (Oct. 18) 1924. 

13. Geschickter and Copeland,^ pp. 333-341. 

16. Willard, deF., and Nicholson, J. T.: Giant Cell 
Tumor of the Cervical Spine, .Ann. Surg-. 107:298, 1938. 

1/. Santos, J. A'.: Giant Cell Tumor of Spine, Ann. 
Sur^. 91:37, 1930. Grieve, At . E. ; Giant Cell Tumor 
of Vertebrae, Northwest Med. 33:81, 1934. MacFar- 
lane, J. A., and Linell, E. A.: Benign Giant-Cell Tumor 
of Third Cervical Vertebra, BriL J. Surg. 21:513, 
1934. Murphy, G. W. : Giant Cell. Tumor of Spine. 
.Am. J. Roentgenol. 34:386, 1935. Duncan, G. A„ and 
Ferguson, A. B.: Benign Giant Cell Tumor of the 
Fourth Lumbar Vertebra, J. Bone & Joint Surg. 18: 
769, 1936. Giant Cell Tumor of Spine, Cabot Case 
23081, New England J. Med. 210:348, 1937. 
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At 6 p. 111 ., ninety minutes later, the following 
obseri'ations were made: 1. The plugs were 
still present in the two thrombosed venules. 

2. The damaged area was still pouring sludged 
blood into tlie smaller veins which drained it. 

point was found where a venule which came 
from the damaged area joined one which came 
from an area of undamaged muscle. Here the 
experiment and the control were present in one 
microscope field; it was easy to compare the 
sludged and the normal blood. There were no 
free individual cells in the blood passing out of 
the venule draining the damaged area; all this 
blood was precipitated and agglutinated into a 
sludge. 3. No UvO red cells were sticking to- 
gether in tlie blood from the uninjured area ; all 
were free, each turned over by itself unattached 
to any other — that is, normal blood was flowing 
through normal vessels in adjacent untrauma- 
tized areas of the muscle. 

At 6: 15 p. m. blood passing through the 
injured area was still changing to a sludge. At 
this time, however, there began to be a change. 
Some of the smallest venules in the injured area 
had almost normal blood for a few minutes and 
then sludged blood again. The sludge was being 
formed intermittently, and the sludge being 
formed was softer, i. e., the clumps had a fluffy, 
feathery diaracter rather than a firm, rigid tex- 
ture. The area was still pouring sludge into the 
venous system, but there had been a definite 
decrease in rate of production of sludge, and that 
produced might better be called a “slush" than 
a sludge. 

It seems reasonable to assume that whatever 
had been initiating the production of sludge was 
not reaching or acting in the blood flowing 
through the injured area as rapidly as during 
the first ninety minutes after injuiy. 

At 6 : 30 p. m. the following observations were 
made. 1. The plugs were still present in the 
two thrombosed venules. 2. The blood flowing 
through the injured area was still changing con- 
sistency. The sludge formed was less pasty than 
that formed at first. It was softer, the clumps 
were more plastic and the rates of flow through 
these vessels were increasing, approaching the 
rates through vessels of similar size in the neigh- 
boring undamaged areas. The walls of the 
venules in the injured area were lined with 
sheets of white cells all rolling along the inner 
surfaces of the endothelium (E. R. and E. L. 
Clark It seemed probable that this injured 
area would not form sludge much longer. 

3. Normal, unagglutinated blood was coming 
from the uninjured areas. 


At 7 : 30, three hours after the injury, these 
observations were noted: 1. The rivo venules 
originall}- thrombosed were still plugged up. 
2. Patches of slightly agglutinated blood were 
forming at irregular interv'als in blood flowing 
through the injured area. 3. Normal blood was 
coming out of the uninjured areas. 

At 7 : 40 the same area was retraumatized 
b}' one light wiping stroke of the forceps handle. 
Immediate!)' the blood flowing through the area 
became thick and pasty again. This shows that 
the substances which initiate sludge formation, 
or their precursors, were not all gone from the 
injured area. 

At 7: 55 p. m. the following obsen-ations were 
made: 1. Thrombosed vessels were still throm- 
bosed. 2. Blood flowing through the injured 
area was still changing to a stiff sludge. 3. Nor- 
mal blood was coming out of venules of neigh- 
boring uninjured muscle. 

At 8:15 p. m. there was no change. 

At 8 : 40 p. m. these obserr-ations were made : 

1. Thrombosed vessels were still thrombosed. 

2. All the blood flowing through the injured area 
was changing to a sludge and passing into the 
venous system. 3. Normal blood was coming 
from uninjured areas. The experiment was dis- 
continued. 

Statiiuary of This Experiment -with Crushed 
Mouse Muscle. — 1. A light injury to mouse 
striated muscle caused precipitation and agglu- 
tination of the blood flowing through the injured 
area. Crush and flow through the crushed mus- 
cle were both necessarj', and the ffvo together 
were sufficient to produce a flow of sludged 
blood into the general circulation. 

2. The precipitate was probably being formed 
in less than half a second. 

3. For about one and three-fourths hours after 
the injur)-, the rate at which sludged blood was 
poured into the venous system was as fast as 
the rate of flow through the crushed area. 

4. For the next one and one-fourth hours a 
progressively decreasing fraction of the blood 
flowing through this area changed consistenc)'. 

5. The clumps formed in the first period were 
fairly tough and rigid; those formed in the 
second period were increasingly plastic, flexible 
and fragile. 

6. The visible sludge formed rapidly before 
the blood left the field being observed. This 
obseiwation does not mean that all the sludge 
initiator substances reacted and became inactive 
within the microscope fields observed. Initiator 
substances which might be able to cause changes 
in the blood at some later time and distant place 
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series, however, there^ is only 1 example of this 
lesion, although 1 of our unclassified cases may 
represent a second. The patient was a 54 year 
old spinster who had gradually progressive weak- 
ness of the lower limbs over a period of one j-ear. 
She did not experience symptoms of root irrita- 
tion at any time. A roentgenogram of the thoracic 
portion of the spine revealed erosion of the body 
of the fourth thoracic vertebra tliat was inter- 
preted as typical of angioma. Operation revealed 
a bright red, encapsulated, extremely vascular 
extradural lesion measuring 3 by 1.5 by 2.5 cm. 
and weighing 2.5 Gm. Histologically, it was a 
characteristic cavernous hemangioma. After its 
removal tlie patient made a full recover}’, and 
when last heard from, three years after opera- 
tion, she was gainfully employed and her only 
residuum was occasional girdle-like pain. 

We have obser\-ed one other extradural vas- 
cular tumor in this series. This was a metastatic 
tumor of an unusual type occurring in a 43 
year old man who had complained for five 
months of pain in the back. He Irad had pro- 
gressive weakness of the legs for one month. 
Roentgenologic study of the spine revealed a 
destructive lesion of the third thoracic vertebra. 
At operation the laminas of the second, third and 
fourth thoracic vertebrae were extremely friable 
and highly vascular, and the epidural space was 
filled with a red, soft, friable, vascular tumor. 
This man had been admitted to the hospital on 
eleven previous occasions, ever}’ time but ofie 
for study and treatment of disease conditions un- 
related to the present complaints. However, two 
years before the onset of cord symptoms, he had 
been hospitalized for surgical removal of a tumor 
of the soft tissues of tlie thigh. This tumor never 
recurred locally. During convalescence from 
laminectomy a discrete pulsating mass became ap- 
parent over the sternum, and roentgen ray ex- 
amination demonstrated involvement of the un- 
derlying bone. The patient’s condition was not 
improved by operation, and he died five months 

S) 1938. Karshner, R. G.; Rand, C. W., and Reeves, 
D. L. : Epidural Hemangioma Associated with 
Hemangioma of the Vertebrae, Arch. Surg. 39:942 
(Dec.) 1939. Kellj', L. C.: Vertebral Hemangioma with 
Neurologic SjTnptoms, New York State J. Med. 40: 
1607, 1940. Turner, O. A., and Kemohan, J. W.; 
^■ascula^ Malformations and Vascular Tumors Involv- 
ing the Spinal Cord, Arch. Neurol. & Psj-chiat. 4G: 
444 (Sept.) 1941. Ghormley, R. K., and Adson, A. W.: 
Hemangioma of Vertebrae, J. Bone & Joint Surg. 23: 
887, 1941. Ferber, L., and Lampe, I. : Hemangioma of 
Vertebra Associated with Compression of Cord, Arch. 
Neurol. & Psychiat. 47:19 (Jan.) 1942. Blackford. 
L. M. : Hemangioma of Vertebra with Compression of 
Spinal Cord, J. A. M. A. 123:144 (Sept. 18) 1943. 


later in another hospital. Autopsy was not per- 
fonned. 

Tile tumor was composed basically of small 
capillaries lined by normal-appearing endothelial 
cells and surrounded and supported by a dense 
network of collagen and reticulin fibers (fig. 4). 
The tumor cells,. which were usually rounded or 
ovoid but occasionally elongated, were massed 
outside the reticulin fibers which immediately 
surrounded the vessels, an arrangement well 
demonstrated only by silver reticulin stains. In 
general, the vessels were so close together that 
the cells surrounding one vessel merged with 
tliose surrounding others. There was a moderate 
degree of cellular pleomorphism, and occasional 
mitotic figures were seen. 

We were privileged to study the sections of 
the tumor removed from the thigh two and one- 
half years before. It was strikingly similar to that 
removed from the epidural space, but the funda- 
mental structure was somewhat more readily ap- 
parent in the primar}' tumor. This structure, 
“basic composition of endothelium-lined capil- 
laries or impervious endothelial sprouts sur- 
rounded by rounded cells with a supporting 
-meshwork of reticulin fibers,” is described by 
Stout and Murray-- as characteristic of the tu- 
mor which they have labeled “Hemangioperic}’- 
toma.” Most of the 9 tumors they reported on 
and the hemangiopericytoma of the omentum sub- 
sequently described by Stout and Cassel were 
benign, but the group reported by Stout and 
Murray included one tumor which exhibited 
aggressive, infiltrative local growth and one ex- 
ample of a malignant metastasizing neoplasm 
(case 9). The latter tumor arose in the soft 
tissues of the thigh of a 34 year old Negro woman 
and seven years later (four years after excision) 
multiple metastases to the liver were demon- 
strated at laparotomy and verified by biopsy. 
Later roentgenographic eridence of metastases 
in Uvo ribs developed, and she finally died three 
years after the demonstration of hepatic involve- 
ment. In addition to the features characteristic 
of hemangioperic}'toma, her tumor showed areas 
where extensive fibrosis and hyalinization had 
taken place about the vessels, pushing aside the 
peric}-tes, which appeared atrophic. Some areas 
in the tumor obseiwed by us closely resembled 
this picture. 

We have classified our case as an instance of 
a malignant hemangioperic}'toma, primar}- in the 

22. Stout, A. P., and Murraj-. M. R. : Heraangioperi- 
cj-toma: A Vascular Tumor Featuring Zimmermann’s 
Pericytes, Arm. Surg. 116:26, 1942. 

23. Stout, A. P., and Cassel, C. : Hemangioperi- 
cytoma of tlie Omentum, Surgery 13:578, 1943. 
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pattern of the injury determine (a) the total 
volume of injured tissue and (b) the relative 
proportions of the thrombosed and partiallj’ 
crushed or sludging zones. 

The amount of partially crushed tissue varies 
from injur}- to injury, but in each case it is the 
partially crushed tissue which pours sludge into 
the venous system. The amount of such parti- 
ally crushed tissue present after an injur}- de- 
pends on the size and shape of the instrument, 
on the pressure applied and on the size and shape 
of the structures ■ which supported the injured 
tissues. 

From these observations, it seems probable 
that when they are crushed kriated and smootli 
muscles release substances capable of diffusing 
in through the vessel walls and reacting rvith 
constituents of the blood flowing through the 
patent vessels. 

From the observations it seems probable that 
the maximum amounts of initiator substances 
reach the blood from partly crushed tissue, that 
is, from regions injured enough to release the 
initiator substances but not injured enough to 
tlirombose the enclosed vessels. The edge of 
a thrombosed region may of course be contribut- 
ing initiator substances to a contiguous parti} 
crushed region. 

The sludge formed at the site of the injur}- 
is formed rapidly, before the blood leaves the 
field being obsen-ed. but this does not mean 
that all the sludge formed necessarily is formed 
at the site of the injuiy-. Excess initiator sub- 
stances which might be able to cause changes 
in the blood at some later time and distant place 
may well be being carried out of view into the 
general circulation. The observ-ations reported 
thus far were made in mammals, but some 
observations made in amphibians (frogs and 
salamanders) may have a bearing on this point. 
In these animals an extensive operation done 
\\-ith care to prevent loss of blood (Knisely, 
Bloch and Warner =^), but without care to pre- 
vent partial crushing of tissues at the edges of 
incisions, is often followed by a slow increase 
in the viscosity of the plasma of all the circulating 
blood. In these animals a visible sludge may or 
may not form at the sites of injur}-. It seems 
reasonable to assume that in these amphibians 
initiator substances are carried into the general 
circulation before producing a risible change in 
the blood. Hence, by analog}- it seems possible 
that in mammals excess initiator substances 
released at the sites of injur}- are being carried 
out of view into the general circulation. Such 
substances could cause further changes in the 
circulating blood and/or help bind masses of 


sludge together into larger masses whenever they 
accumulate to or above some threshold concen- 
tration. This is not altogether an academic 
speculation; it may have a practical aspect, for 
transfusions given animals or men during or 
after the accumulation of such substances in the 
circulating blood must, among other things, 
dilute tlie initiator substances. 

It seems reasonable to suspect that the initiator 
substances might be related to the substances 
capable of initiating blood clotting. If this is 
true, then sludge initiator substances should be 
released from many different injured tissues 
and organs of vertebrates. 

The outer surfaces of the erythrocyte-contain- 
ing masses formed in blood flowing through 
crushed tissues are not conspicuous!}- different 
either in appearance or in obser\'ed behavior 
from the coated, red cell— containing masses 
formed in monkeys wth P. knowlesi malaria. 
Hence, (o) the P. knowlesi malaria precipitates 
should be examined both chemically and im- 
munologically to determine whether they are 
monkey fibrin or related to fibrin and (b) the 
precipitated' coatings with their contained red 
cells formed in blood flowing through crushed 
tissues may be ingestible by phagocytes of spleen, 
bone marrow and liver. In monkeys -with 
malaria, this mechanism destroys blood rapidly 
(Knisely, Stratman-Thomas, Eliot and Bloch®). 
Thus the phagoc}-tosis of coated red cells may 
well contribute to the removal of blood from the 
vascular system after a traumatizing injur}- and 
to the anemia which not infrequently follows 
operations (Knisely, Bloch and Warner -‘). 

A bit of sludge can reach the general circula- 
tion only by being carried into the venous system. 
Hence sludged blood can come from one minute 
injured area into the general circulation no 
faster than the flow through the venules which 
drain the injured area. These facts are import- 
ant when one is considering the mechanisms of 
the crush syndrome (review and bibliography by 
B}-waters ®®). 

The volume of sludge produced by the parti- 
ally crushed area drained by one small venule 
may be expressed as the summation of volumetric 
rates of flow through the venule during the peri- 
ods while sludge is produced. Hence, by induc- 
tion, the amount of sludge produced by any 
partially crushed area is equal to the summation 

3S. Bj-\vaters, E. L, G. : Ischemic Muscle Xecrosis : 
Crushing Injurj-, Traumatic Edema, the Crush Ssti- 
drome. Traumatic .Anuria, Compression SjTidrome ; a 
Type of Injurs- Seen in .Air Raid Casualties Following 
Burial Beneath Debris, J. .A. M. .A. 124:1103 (April 
15) 1944. 
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Fig. 6. — Unclassified tumors of spinal epidural space. A (above), case 34. Hemangioma? after irradiation. 
The large cells with occasional eosinophilic intranuclear inclusions can be seen, although hemosiderin deposi- 
tion is the most conspicuous finding. Hematoxylin and eosin; X 260. B (below), case 33. Malignant neurilem- 
moma? The photomicrograph is of a metastatic nodule in the lung. The nuclear palisading is strongly suggestive 
of nen'e sheatli origin. Palisading was not seen elsewhere in numerous sections of both the primary tumor and 
the metastascs. Hematoxylin and eosin; x 132. Inset shows detail, x 600. 
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capillary venules and venules do not leak enough 
to be detected by microscopic observation. 

4. Pentobarbital sodium in anesthetic doses 
does not cause intravascular agglutination of the 
circulating blood of IMacaccus rhesus monkeys. 

5. Xeitlier pentobarbital sodium nor sodium 
amytal in anesthetic doses causes intravascular 
agglutination of the circulating blood of mice. 

6. No single factor or combination of factors 
of the anesthetics used, the withdrawing of the 
monkey omentum or the brilliant transillumina- 
tion of tissues whose temperatures are main- 
tained at normal has caused intravascular agglu- 
tination of the blood. 

7. Laparotomies can be done with sufficient 
care to prevent general precipitation and agglu- 
tination of all the circulating J^lood. 

8. Witli routine care, normal monke3’s have 
been kept under pentobarbital sodium anesthesia 
and the circulation in abdominal viscera observ'ed 
with microscopes without causing general intra- 
vascular agglutination of the blood or visible 
pathologic changes in the walls of small blood 
vessels for as long as fourteen to eighteen hours. 

II. Methods. — 1. A method is described for 
maintaining controlled pentobarbital sodium anes- 
thesia of monkeys by intrapleural injections; 
this is useful for making microscopic observa- 
tions of abdominal structures. 

2. Simple metliods are described for studying 
the vessels and blood of the eyelid, nictitating 
membrane and bulbar conjunctiva of experimen- 
tal animals not operated on and of those operated 
on. The methods have three obvious uses- 

(a) To assist in preselecting normal animals 
for experiments. As agglutinated blood is not 
normal, as agglutinated blood has already been 
found as a part of the pathologic change in about 
fort}- human diseases and as many of the organ- 
isms which affect human beings also affect ex- 
perimental animals, microscopic observations of 
the blood and vessel walls are a necessar)' part 
of the preselection of normal animals for experi- 
ments. 

(h) To make continuous obserr-ations during 
the course of experiments on intact animals not 
operated on to detennine the effects of various 
agents and procedures on the circulating blood 
and local vessel walls. 

(c) To make continuous obseiwations as con- 
— trols to be certain that during experiments de- 
signed with the intention of studring normal 
animals no agent or procedure is causing 
mechanical changes in blood and/or pathologic 
changes in vessel walls. 


3. A method is described for studying the 
blood passing through vessels in or near a minute 
local lesion. The method should be useful for 
studying the blood passing through or near 
lesions caused by many different agents. 

III. Results oj Crushing Injuries. — 1. After 
a crushing injurj- to monkey omentum, smooth 
muscle of mouse intestine or striated muscle of 
a mouse, three zones ma\- be distinguished; 
(a) a thrombosed zone, (h) a partiallj- crushed 
or sludging zone and (c) a zone which is injured 
so little that the blood flowing through it under- 
goes no detectable change. 

(Pentobarbital sodium in monkeys and mice 
and sodium amj-tal in mice do not in an^thetic 
doses prevent the precipitation-agglutination of 
blood flowing through a crushed area.j 

Seen as possible initiating factors in traumatic 
shock, the observations made in these tissues 
nm- be summarized as follows: 

2. Crushing plus flow through a vessel in the 
crushed area 3-ields a stream of sludge into the 
general circulation. 

3. Crushing plus thrombosis of a crushed ves- 
sel 3-ields no sludge to the venous system. 

4. Flow without crush 3-ields no sludge. 

5. Thus, after trauma, (a) local crush plus 
( h) flow through a vessel in the crushed area 
are both necessary- and, together, sufficient to 
3-ield a flow of sludged blood into the general 
circulation. 

6. After crush, precipitates can form around 
or betrveen the moving blood cells in less than 
a second, while the blood is moving less than a 
millimeter. 

7. It seems reasonable to suspect that die 
sludge initiator substances might be related to 
the substances capable of initiating blood clot- 
ting. If this is true, then man3- tissues and 
organs of vertebrates should release such sub- 
stances when they- are injured. 

8. At no time can sludged blood pass into the 
venous sy-stem faster than the flow through the 
crushed tissue. 

9. For a time after the crush, the rate at 
which sludge is poured into the venous sy-stem 
can be as fast as the rate of flow through an 
open vessel in the crushed area. 

10. Retraumatization of an area can reinitiate 
sludge formation in blood flowing through the 
area. 

11. This sludge can be formed in an area 
from which or into which there is (a) no hemor- 
rhage and (b) but littie loss of plasma through 
injured vessel walls. 
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d three months postoperatively of generalized one-half years after operation, has shown pro- 
sis. Three patients are still alive ; 1 is able nounced recovery, getting about with a cane, 
get about on crutches, but sphincter function performing his usual sedentary job and enjoy- 
still absent after six years; another, one and ing satisfactorj' control of the bladder. The last 
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Tuberculous Granuloma (3.7 per cent) 

T-4 to T-0 Roentgenogram of chest; Improved; able to valk 
bilateral Inactive Trith cane 2 yr. po®t- 

tuberculosis operatively 


Oervical adenitis and 
retropharyngeal mass 
incised and drained C mo. 
prcoperatlvely; wound did 
not heal; guinea pig Inocu- 
lation of mass positive for 
tuberculosis (reported 
after laminectomy) 


Died 1st postoperative 
day; respiratory 
paralysis 


area 1 mo. prior to onset 
of symptoms 

Adequate antisyphilitic 
roentgen ray treatment 
postoperatively; severe 
direct upper thoracic 
trauma S mo. prior 


Iraminectomy wound never 
healed; reactivation of 
chest tuberculosis 7 yr. post- 
operatively; collapse of ver- 
tebral bodies T-6 and T-7 
with recurrence of para- 
plegia; roentgenographic 
diagnosis: Pott’s disease 
7 yr. postoperatively 

Autopsy; epidural granula- 
tmn tissue communicated 
^th lining sinus of 
iateral^neck: vertebral 
body C*2 carious 


A NEW TREATMENT FOR POSTOPERATIVE PULMONARY COLLAPSE 

E. H. GRANDSTAFF. M.D. 

Director of Anesthesia, Kansas City General Hospital 


KAXSAS 

Of all the complications following surgical 
procedures, those involving the lungs are among 
the most feared and the most commonly reported.' 
The incidence of atelectasis has been variously 
reported as causing from 3 to 70 per cent of all 
postoperative complications, with 40 per cent 
mortality among the persons affected.- In oper- 
ations of the upper part of the abdomen the mor- 
bidit}' from respirator}- complications is said to 
he about 10 per cent.- At the Kansas Cit}- Gen- 

Table 1. — Results ill Ciucs in 


CITY, MO. 

with carcinomatosis, peritonitis, nephritis and 
other serious conditions. The' apparently larger 
number of deaths following the use of cyclo- 
propane is due to the fact that this is the 
anesthetic of choice at this hospital for patients 
who present a bad risk and for patients under- 
going long and shocking operations. It is felt 
that it is the safest agent to give these patients in 
serious condition on account of the rapid recov- 
ery period with the lower incidence of postopera- 

IF/itc/i Anesthetic ll'as Used 


Respiratory Gomplications, 
Number of Cases 

Number / ^ \ 

of Atelec* Pneu- 

Cases Collapse tasls monia 


Spinal 71S 2 7 14 

Cyclopropane Slt» 0 2 13 

Rther (open drop} 275 2 3 5 

Nitrous oxide-^ther 19 l 0 10 

CJyclopropane-etber 100 2 3 3 

Nitrous oxide 136 0 0 3 

Pentothal sodium 53S 0 0 0 

Spinal-gas IW 0 0 3 


Total 2,TC4 0 15 51 


RespI- 5Iortality» Respiratory Complications» 

ratorj* Number of (?ases 

Compli- * V . *• 


cations, 

Te 

Collapfe 

Atelec- 

tasis 

Pneu- 

monia 

Collapse 

Atelec- 

tasis 

Pneu- 

xnonia 

3.1 

0 

0 

0 

0.2S 

0.9 

1.S 

1.6 

0 

0 

1 

0 

0i?r 

1.6 

3.2 

0 

0 

1 

0.73 

1-09 

1.S 

57.9 

0 

0 

2 

oZ 

0 

52.6 

S,0 

0 

0 

1 

2.0 

3 

3 

2.3 

0 

0 

o 

0 

0 

2Z 

0 

0 

0 

0 

0 

0 

0 

3.0 

0 

0 

5 

0 

0 

3.0 

2.6 

0 

0 

34 

0.22 

0.55 

1.S 


To summarize this table, in 022 per cent of all cases in which an anesthetic was used there was massive 
collapse of the lungs; in 0.55 per cent atelectasis and in 1.8 per cent pneumonia, with an ultimate mortality of 

0.88 per cent for all cases in which an anesthetic was used (33 per cent of the total morbidity from disease of 
the respirator>' tract.) 


eral Hospital during two years in which careful 
records have been kept, the incidence of mor- 
bidit}- and mortalit}- from respirator}- complica- 
tions is seen to be much lower (tables 1 and 2).“ 
All patients with atelectasis and massive pul- 
monaiy- collapse in this series recovered speedily. 
Pneumonia was named as the cause of death 
or was associated with other causes in 24 of 125 
postoperative deatlis. In most cases the pneu- 
monia occurred as a terminal process a number 
of days following operation and was associated 

Read before the Kansas City .Academy of Anes- 
thesiology-, Kansas City, Mo., ^fay- 2, 1945. 

1. .'\dams. W. E. : Thoracic Surgery: Postoper- 
ative Pulmonarv .Melectasis, .-Km. J. Surg. 56:180-191 
(April) 1942. 

2. Elkin, D. C. : Postoperative Pulmonary Compli- 
cations, Surg.. Gynec. & Obst. 70:491-493 (Feb.) IWO, 

3. Grandstafi, E. H., and Schaerrer, W. C. : Prog- 
ress in the .Anesthetic Department of the Kansas City 
General Hospital, 1940, T. Missouri M. .A. 38:352-333 
(Oct.) 1941. 


T.\ble 2. — Percentage of All Cases Having Post- 
operative Complications 


Nausea and emesis. 

Drop 

Ether, 

rc 

47 

Cyclo- 

pro- 

pane, 

rc 

2S 

Spinal, 

17 

Nitrous 

Oxide, 

% 

15 

Pento- 

tbol 

Sodium, 

11 

Distention 

5 

S 

10.9 

o 

0 

Catbelerizatlon and reten- 
tion 

21 

14 

15 

IS 

4 

Tachycardia 

32 

IS 

20.5 

11 

5.S 

Pneumonia 

1.S 

1.7 

2.0 

2.0 

0 

Atelectasis 

1.CO 

0J37 

0.0 

0 

0 

Massire collapse 

0.73 

0 

0.2S 

0 

0 

Pall in blood pressure 
■without shock 

3.S 

3.4 

1.0 

4.0 

0 

Shock 

5.0 

1.4 

2.0 

0 

0 

Headache 

5.0 

6.0 

5.7 

0 

ey ^ 

Other complications, as 
wound infection, neuritis, 
cough, irrational, em- 
bolism, etc 

5.0 

lO.O 

25.7 

3 

5Z 


tive complications of all types.- the high per- 
centage of ox}-gen which it is possible to give 
during the administration of the anesthetic and 
the lack of injury- to the liv-er or kidneys or of 
other' pathologic damage. Many of these patients 
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RESECTION OF THE LUNG IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS 

OTTO C. BRAXTIGAN, M.D. 

BALTIMORE 


.'uberculosis is a systemic iiiieclious disease 
sed by a specific micro-organism. It most 
;n involves the lung and is usually bilateral, 

, fortunatel}’, the major disease area is pre- 
ninantly unilateral and often unilobar. Pre- 
tion of infection or establishment of acquired 
istance * u-ould be the ideal treatment. Prog- 
s is being made in both of these methods, 
iince prophylactic treatment is not entirely 
xtive. early recognition of the disease is im- 
tant. Great advances are being made in this 
action by means of roentgenographic examina- 
is of large groups of people.- Perhaps in the 
too distant future every- patient admitted to 
lospital will have a roentgenogram made of 
chest, just as he now has a urinalysis and a 
ologic test for syphilis. 

Zheinotherapy would be the ideal method of 
itment of the disease. Various chemical agents 
being studied diligently for the arrest of pul- 
nary tuberculosis, but as yet an effective drug 
not been found.^ 

The application of adequate medical measures 
)plemented by simple surgical procedures will 
est or cure early pulmonaiy- tuberculosis in 
St cases. For valid reasons the disease will 
igress to a late stage in certain' patients, and 
se must also be accepted for treatment. 

Dften in the later stages of the disease, irrever- 
le structural changes occur in the bronchial 
tern, thus causing the failure of simple thera- 
itic measures. It seems likely that effective 
■motherap}-, even though it could render the 
ient bacteriologically free of tubercle bacilli, 
uld not relieve him of all symptoms. 

From the Department of Surgerr, University of 
ryland School of Medicine and College of Physicians 
1 Surgeons, and the Tuberculosis Di«sion, Baltimore 
y Hospitals. 

1. Rich. R. : The Pathogenesis of Tuberculosis, 
ringfield. 111., Charles C Thomas, Publisher, 194-f. 
477. 

2. Ashbury, H. E. : Whildin, J. G., and Rogers. 
T. : Roentgenological Report of Chest Examinations, 
n. J. Roentgenol, 48:347, 1942. Goorwitch, J. ; Mass 
est Roentgenography and -Admissions to Olive View 
natorium, .Am. Rev. Tuberc. 50:214, 1944. 

3. Pfuetze, K. H. : Present Status of Chemotherapy 
Tuberculosis from Clinical Standpoint, Dis. of Chest 
:220, 1945. 


Accurate diagnosis is extremely important in 
recognizing irreversible structural changes in 
the lungs and the bronchial system. The use of 
tomography, bronchographt-, determinations of 
intracavitary pressure, bronchoscopy, broncho- 
spirometry and diagnostic pneumothorax as in- 
dicated will lead to the correct diagnosis of pul- 
monaiy- lesions. Onl}- with an accurate diagnosis 
can the outcome of surgical treatment be pre- 
dicted. The finding of tubercle bacilli in the 
sputum has long been insufficient for diagnosis. 
The unexpected good result or the discouraging 
poor result from a surgical procedure usually is 
contingent on an incomplete diagnosis or a mis- 
understanding of the nature of the disease. Few 
phthisiologists would recommend thoracoplasty 
or pneumothorax in tlie presence of a known 
stenosis of a main bronchus. It is becoming more 
eUdent that the poor end results of thoracoplasty 
and pneumothorax often are caused by endo- 
bronchial disease.'* Intracavitary- drainage is indi- 
cated for a cavity with positive pressure but defi- 
nitely contraindicated if there is an atmospheric 
or a negative pressure within the cavity-.' In the 
present state of knoyvledge, thoracoplasty- is con- 
traindicated yy-hen a cavity- is in a phase of in- 
creased pressure and should certainly not be 
recommended yvhen pulmonaiy- tuberculosis is 
complicated by bronchiectasis. Thoracoplasty- is 
never justified as a trial method of treatment; 
hoyvever, a trial yvith pneumothorax often is per- 
missible. 

If the contralateral lung is free of disease, pul- 
monaiy- resection appears to be the best treatment 
after the occurrence of irreparable damage, such 
as bronchial stenosis, bronchial disease yy-ith or 
without ulcerations not responding to broncho- 
scopic treatment, bronchiectasis and unsuccessful 
thoracoplasty. Vhen such a condition exists, it is 
either because treatment failed in the early stages 
of the disease or because it yy-as not started. The 

4. Brantigan, O. C. : Hoffman, R., and Proctor, 
D. F. : Endobronchial Tuberculosis, .Am. Rev. Tuberc. 
45:477, 1942. 

5. A’ineberg. .A. M., and Kunstler, '\V. E. : The 
Determination and Treatment of Pressure Cavities in 
Pulmonan- Tuberculosis, Surg., G^nec. & Obst. 78:243, 
1944. 
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mucus and obstruction; the high percentage of 
oxygen in this inspired closed ether atmosphere 
allows its almost immediate removal b}' the blood 
stream, leaving a collapsed lung behind one or 
numerous small obstructive masses of mucus. 

Cyclopropane was followed by the fewest pul- 
nionar}- complications as well as other tj-pes of 
complications, in spite of the fact that it is admin- 
istered to those patients already extremely ill 
but requiring operation. It causes a negligible 
amount of bronchial irritation and production of 
mucus.. In a few cases collapse follows admini- 
stration of cyclopropane, particularly when com- 
bined with a large dose of morphine, because of 
the depression of the respiration from the re- 
moral of the carbon dioxide to produce pur- 
posely a shallow respiration and a quiet 
abdomen for surgical intervention. 

Aspiration of blood or vomitus during or 
after operation is an important consideration 
also, as tills mai' plug the bronchioles. If the 
airway does not seem to be perfectl}' clear at the 
end of operation, this aspiration should be done 
before the patient is removed to the ward. 

The onset of pulmonan,- collapse occurs sud- 
denly, usually during tlie first three days, with 
pain in the chest, dyspnea and a sharp rise in 
temperature and in pulse and respiration rates. 
The patient is usually found sitting up in bed, 
anxious, dyspneic and cyanotic. There is more 
or less fixation of the affected side, with dulness 
on percussion, absence of breath sounds, eleva- 
tion of the diaphragm and shift of the area of 
cardiac dulness toward the affected side. The 
unaffected side is h 3 -perresonant, and there are 
increased breath sounds.^'" The sputum is scanty 
at first but quickly becomes abundant and muco- 
purulent. The white blood cell count maj' be 
15.000 to 20,000. The roentgenogram is charac- 
teristic, witli elevation of the diaphragm on tlie 
affected side, narrowing of the intercostal spaces 
and deidation of the heart and other mediastinal 
structures to the affected side, the lung appearing 
dense and homogenous. 

Treatment of such collapse is, of course, pri- 
maril\’ prophylactic. As soon as the operative 
schedule is posted for the following daj-, tlie 
intern on the anesthesia sendee and I exmaine 
each patient and plan tlie tj’pe of anesthetic 
which will be the best, considering the pathologic 
condition of the patient, the t}-pe of operation 
proposed and the use of cauterj' or roentgen raj* 
equipment. A member of the anesthesia depart- 
ment then writes orders for the preoperative 
medication, giving a small dose of morphine for 
all patients except those who are young and 
vigorous. By small dose is meant Vic grain 


(0.0037 Gm.) to ]4, grain (0.007 Gm.) for tliose 
above SO j’ears, ]/& grain to % grain (0.01 Gm.) 
for those from- 50 to about 25 years and % grain 
for those in good condition, in their twenties 
and thirties. Occasionally grain (0.015 Gm.) 
is given in this group. Scopolamine is given in 
combination with the morphine preceding spinal 
anesthesia for further sedation, grain (0.000+ 
Gm.) to V^oo grain (0.0002 Gm.) being given 
with increasing age. Atropine is given preceding 
an anesthetic administered intravenously, as 
it has been found that there is more likely to be a 
fall in blood pressure during the administration 
of pentothal sodium if it has been preceded by 
the use of scopolamine. Atropine .is also given 
to young children in preference to scopolamine, 
which rather serioush" depresses them. Admin- 
istration of the anesthetic is refused until the 
patient has received atropine or scopolamine for 
the proper interv'al pre-vnous to operation. Bar- 
biturates are given to all patients preceding use 
of caudal, epidural or spinal anesthesia to avoid 
procaine reactions through depression of the 
central nenmus system from stimulation of pro- 
caine and its deriratives. Barbiturates are given 
to those patients to receive nitrous oxide anes- 
thesia to depress the metabolism further, which 
is necessarj’ when administering this weak gas. 
They are also given preceding use of cj'clopro- 
pane to decrease vagal tone and prevent cardiac 
arrln-thmia from the combination of morphine 
and cyclopropane." Ortal sodium is given to 
older people, over 50, and pentobarbital sodium 
in one or two 1.5 grain (0.009 Gm.) doses to 
younger patients. Seconal when combined wth 
even a small dose of scopolamine has been found 
to be too depressing to the respirations of old 
people. Morphine and barbiturates are not given 
preceding tribromoethanol, as this combination 
produces severe respirator}' depression. At the 
close of the anesthesia, an attempt is made to 
have the patient partially awake and to have his 
phar}-ngeal reflex back. Nitrous oxide is given 
during the last few minutes of cyclopropane 
anesthesia in order to fill the lungs with a sub- 
stance which is much more slowly absorbed in 
case a portion of the lung should be cut off be- 
hind a mucus plug. Nitrous oxide requires sev- 
eral hours to be dissolved by the blood stream, 
while cyclopropane and ox}’gen are removed in 
a few minutes and in that case would leave a 
portion of lung collapsed in a short time. I have 
not seen a case of atelectasis develop after this 

7. Robbins, B. H. ; Baxter, J. H., and Fitzhugb. 
O. G. : The Use of Barbiturates in Preventing Cardiac 
Irregularities ’ Under Cyclopropane or Morphine and 
Cvclopropane Anesthesia, Ann. Sure. 110:84-93 (Julv) 
1939. 
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>-pe of tuberculous pulmonary disease for treat- 
ment b}' lobectom}’. 

C\SE 9. — G. was a white woman aged 29 years, 
•hose ■ present condition started with pleurisy in 1936. 
vii acute illness in 193S was diagnosed as tuberculosis. 
>n Oct. 26, 1942 a tcmporarj- paralysis of the phrenic 
srve was produced for a small apical cavity. Tlic 
atient was kept at rest in bed, and a roentgenogram 
lowed that the cavity had disappeared entirely ; the spu- 
tm also gave a negative reaction. Contrarj- to medi- 
d adi'ice, she became pregnant and delivered a normal 
iby. This was followed by a second temporary paralysis 
the phrenic nerve on Nov. 22, 1944. In spite of 
eatment, there was extension of the apical disease 
id an opening of the apical cavity. The sputum was 
'sitive for tubercle bacilli. Pneumotliorax could not 
initiated. A thoracoplasty was advised but refused, 
le parents of the patient also opposed a thoracoplasty 
t elected lobectomy, and this decision was acceptable 
the physicians. 

On May 4, 1945 a lobectomy of the upper lobe of 
; right lung was performed. The pleural space was 
literated completely by adhesion of the parietal and 
ceral pleurae. The lung was easily freed from the 
rietal pleura, except over the cavity, and that area 
s freed from the chest wall by extrapleural stripping, 
e pleural ca-vity was closed without drainage. The 
rent’s postoperative course was entirely uneventful. 

Comment. — ^This is the only elective lobectomy 
d the only lobectomy of an upper lobe in this 
•ies. The patient was an excellent candidate 
thoracoplasty. As usual, the sputum was 
jative for tubercle bacilli immediately after the 
tration. It is the only instance of a lobectomy 
t was closed without drainage. Aspiration 
die chest was not necessar)-. Time alone will 
ermine the future course of tuberculosis in 
: patient. 

COMMENT 

)issection of the hilar structures, permitting 
.vidual ligation of the pulmonary- artery and 
is and allowing adequate suture of the bron- 
3 witli silk, has greatly reduced the develop- 
t of bronchial fistulas. None has occurred 
his small series. In the earlier cases the 
ichial division was made immediately distal 
le point of division of the secondary' bronchi 
1 the major bronchus to the lobe.® This 
nic caused a long bronchial stump, but bron- 
1 closure was made at a narrow point. The 
irrence of tuberculosis of the bronchial stump 
to a changd of technic for the last patient, 
.vhoin division of the bronchus was made at 
point at which the bronchus to the lobe 
died from the main bronchus ; thus, a short 
' , ' chial stump was obtained. 

• ^ ae hilar dissection in persons with tubercu- 
has been uniformly easier than in persons 

. Branb'gan, O. C, and Looper, E. A.: The 
, > , 5gj- and Surgical Treatment of Lung Abscess, 
1. M. J. 37:199, 1944. 


with other pulmonary conditions requiring a 
lobectomy or pneumonectomy. Interlobar fis- 
sures usually are incomplete; therefore pneu- 
monectomy is a cleaner operation because pul- 
monary tissue invariably must be cut through in 
a lobectomy. There is almost invariably an in- 
complete fissure between' the upper and lower 
lobes posteriorly. This incomplete interlobar 
fissure is a particularly well knotvn anatomic 
fact. Unfortunately, tuberculous disease often is 
located in the upper portion of the lower lobe, 
which places it at the region of the incomplete 
fissure. Eveiy effort is made to avoid cutting 
into tuberculous tissue ; thus, resection frequently 
must be carried into the remaining healthy lobe. 
Technically, it is often less difficult to do a 
pneumonectomy. 

No drainage is used in cases of pneumonec- 
tomy and lobectomy of the upper lobe, since 
there is no method of immediately obliterating the 
pleural space. Two grams of sulfanilamide and 
ISO to 200 cc. of chloroazodin (1:3,300) in 
sodium tetradecyl sulfate ( 1 : 500) are placed in 
the pleural cawty. There is experimental evi- 
dence that tliis combination of drugs has great 
bactericidal effect, and the clinical application has 
been satisfactory.^^ The same drug and solution 
are placed in the pleural cavity when a lobectomy 
of the lower lobe is done, even though it is 
drained. If the remaining lobes are freed com- 
pletely from the parietal pleura, the pleural space 
can be obliterated quickly by using a low nega- 
tive pressure suction apparatus.® Obliteration 
of the pleural space usually ■^411 prevent both 
pyogenic and tuberculous infections. It also 
offers some assurance a^inst opening of the 
bronchial sUunp. .All lobectomies of the lower 
lobes in this series were drained by negative 
suction.- Since penicillin now is available, it is 
used by intramuscular injection before and after 
operation. 

From an empiric study of many cases of 
thoracoplast}- it appears that the preoperative 
and postoperative administration of a sulfon- 

10. Neter, E. : An in Vitro Study on the Synergistic 
-Action of Sulfaniido Compounds and .Azochloramid upon 
A'^arious Pathogenic Microorganisms, J. Pharmacol. & 
Exper. Therap. 74:52, 1942. Petroff, S. .A., and Schain, 

P. : The Enhancement of Bactericidal Properties of 
Well Known .Antiseptics by .Addition of Detergents, 
Quart. Bull., Sea View Hosp. 5:372, 1940. Schmelkes, 

F. C, and Wyss, O. : Inactiration of Sulfonamide 
Inhibitor bv .Azochloramid, Proc. Soc. Exper. Biol. & 
Med. 49:263, 1942. 

11. Brantigan, O. C., and Owings, J. C: Sodium 
Tetradec>’l Sulfate Used in the Treatment of Acute 
Pyogenic Empyema of the Pleural Ca-i-ity, Bull. School 
Med. Univ. Maryland 26:247, 1942. Brantigan and 
Looper.® 
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nea and expectorating gray sputum. Some distention 
was present. Her temperature was 1022 F. Codeine 
was given for relief of pain. November 3 tlie chest was 
examined roentgenologically, and the condition of the 
patient was reported to the anesthesia department. She 
was found dyspneic and anxious and cyanotic and she 
was coughing and retching almost continuously. SThe 
temperature was 1022 F. and tlie pulse rate 120. Roent- 
gen ray examination showed diffuse clouding of the en- 
tire left lung, and the central shadows were displaced 
toward this side, with increased aeration on the right. 
Cocainization of the laryn.x was done, with e.xpectoration 
in a few minutes of a large mucus plug and large 
amounts of purulent mucus. A roentgenogram taken 
at once showed partial clearing of the left pulmonarj- 
field with progressive clearing November 4 and 5. In- 
halations of carbon dioxide and oxygen were started 
and also chemotherapy with sulfathiazole : blowing up 
of blow bottles was instituted, with relief of the collapse, 
though a pulmonic process in the base of the left lung 
persisted until November 17. 

This case illustrates the necessity for recog- 
nition and treatment of a condition of collapse at 
once before pneumonia begins, which happens 
speedily in a congested and airless area of lung 
and which prolongs the recovery- period a num- 
ber of days. 

Case 2. — E, D., a poorly nourished white man 48 
years old, was brought to surgery on July IS for repair 
of a recurrent inguinal hernia on the left side, which 
had been repaired eight years ago. His historj- was 
noncontributory except for the fact that he smoked 
excessively and had a chronic nonproductive cough. 
Physical examination revealed carious teeth with spongy, 
receding gums and a moderately injected pharynx. .•\ 
few moist rales were heard in the left axilla. Twelve 
milligrams of pontocaine hydrochloride solution was 
given in the second lumbar space: the hernia was re- 
paired without incident in fifty-five minutes, and the 
patient was returned to the ward in good condition. 
Inhalations of carbon dioxide and oxj-gen were refused, 
and the patient refused to take deep breaths or to 
cough. A roentgenogram was taken July 16 on account 
of pleuritic pain in the right base of the chest, witli a 
friction rub; it revealed clouding of the base of the 
right lung with elevation of the diaphragm, and was 
interpreted bj- the roentgen ray department as “sug- 
gestive of pleurisy.” The temperature at this time 
was 99.8 F. Morphine sulfate, % grain [0.01 Gm.], was 
being given three times a day. His temperature rose 
to 102.6 F. on July 17, and he had severe pain in the 
back. Administration of sulfathiazole was begun, 
with rapid improvement. The temperature was 99 F. 
On July 19 another roentgenogram was taken on ac- 
count of increased pain, which revealed a large shadow 
above the right side of the diaphragm with a shift of 
the tracliea to the right. The throat was cocainized 
with 10 per cent cocaine solution, and the patient 
coughed up a large mucus plug and stated that the pain 
was less intense. He remained comfortable, and his 
condition steadily improved. Use of sulfathiazole to- 
gether witli ammonium sulfate was continued for forty- 
eight hours with no further incident. 

C.ysE 3. — N. G.. a poorly nourished woman 27 years 
old. was brought to surgerj- on June 19 for suspension 
and perineorrhaphy. The history revealed chronic pelvic 
inflammatory disease, with recent septic abortion with 
hemorrhage. The hemoglobin content was 81 per cent, 
the sugar content 104 mg., the nonprotein nitrogen level 


27.9 mg. and the creatinine content 1.4 mg. per hundred 
cubic centimeters. The operation preceding this one had 
been canceled, and so the patient was brought to the 
operating room and premedication of seconal, 3 grains 
(0.19 Gm.), given at 7:30 a. m., morphine sulfate 1/6 
grain (0.01 Gm.), and scopolamine hydrobromide 
1/200 grain (0.0003 Gm.), being given at the same time. 
•Administration of cyclopropane was begun at 7 :42 a. m.. 
followed by closed ether. The surgeon had insisted that 
the anesthetic be begun immediately, stating that it 
made no difference when the premedication was given. 
A dilation and curettage, perineorrhapht-, trachelorraphy 
and Gilliam’s suspension were done during the next hour 
and thirty minutes, and the patient was returned to the 
ward in good condition at 9:50 a. m. At 10:30 a. m. on 
June 20 she was seized with sudden pain in the right 
side of the chest, with dyspnea, anxietj- and tachycardia. 
Examination revealed the right side of the chest unex- 
pansive on respiration, an absence of breath sounds in 
the right base and coarse rales heard in the right apex. 
Roentgen ray examination showed massive collapse of 
the right lung, with the mediastinum and trachea shitted 
to the right. Cocainization of the throat 'was done 
within half an hour and coughing encouraged. A large 
hard mucus plug was expectorated, with the patient 
experiencing great relief of dyspnea and anxiety. The 
cyanosis improved almost at once. Roentgen ray 
examination showed partial clearing of the chest. 
Inhalations of carbon dioxide and oxt-gen and blowing 
up of blow bottles were started. By 4 p. m. the 
roentgenogram revealed the right side of the chest 
nearly clear, with the diaphragm returned to a normal 
level. Sulfathiazole was discontinued June 21, and the 
patient remained free from further symptoms. 

Case 4. — R. O., a poorly nourished woman 43 years 
old, was brought to surgery March 18 for exploratorr- 
laparotomy on account of large pelric masses. She had 
been bleeding profusely for four months, with a hemo- 
globin content on her admission to the hospital 
(February 26) of 27 per cent. The rest of the historr- 
was noncontributory, and physical examination at this 
time revealed e.xceedingly carious teeth and spongj- 
gums and a soft blowing mitral systolic murmur dis- 
appearing on exercise. Hemoglobin content at the time 
of operation was 65 per cent, the sugar content 108 mg., 
the nonprotein nitrogen level 31.6 mg. and the creatinine 
level 1.7 mg. per hundred cubic centimeters. The urine 
test revealed nothing abnormal. Premedication of mor- 
phine, 1/6 grain (0.01 Gm.), and scopolamine hydro- 
bromide, 1/200 grain (0.0003 Gm.), was given and fifty- 
five minutes later drop ether was begun, as the surgeon 
insisted that ether be used for all of his patients. Bilateral 
salpingo-oophorectoms- was done during a one hour 
operation without incident, and the patient was returned 
to the ward in good condition at 10:30 a, m. Her con- 
dition remained good until March 19 at 8 p. m.. when 
she complained of shortness of breath and pain in the 
right side of the chest. The temperature was 102.8 F. 
and the pulse rate 160. There was an absence of breath 
sounds in the right side and hj-perresonance in the left 
side of the chest. The medical service was consulted 
and gave advice to treat the patient as for pneumonia. 
.Administration of sulfapyridine was started, but by 
morning the patient was worse and symptoms were more 
pronounced. .A roentgenogram taken during the morn- 
ing revealed a complete collapse of the right side of the 
chest (fig. 1 A). .At 2:15 p. m. the anesthesia depart- 
ment was consulted, and the throat was cocainized at 
once with 10 per cent cocaine. During tlie procedure 
the patient was thrown into a paroxj-sm of coughing 
that resulted in the expectoration of copious quantities 
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'.ethod. Alartin, Field and Hall® (1932) de- 
ribed a method for obtaining isometric con- 
action of muscles in situ, but the animal was 
lied with the experiment. Eccles “ (1941), 
a carefully controlled set of experiments on 
ts, recorded muscle contraction by means of 
isometric mirror myograph, but in his experi- 
mts, again, it was necessary' to kill the animal 
er one stimulation. The only studies of muscle 
action in the same animal over a period of 
le were made by' Hartman and Blatz^° ( 1920). 
lerized rabbits, which were strapped to a 
.rd, had sandals tied to their feet in such a 
nner that contraction of the gastrocnemius 
up of muscles caused them to lift a weight, 
nulation was supplied through a salt pad over 
sciatic region and a brass electrode applied 
:he muscle group. 

1 our problem the datum most significant clin- 
y was the power of the muscles. Oranges 
ower of a muscle can be followed only by’ 
of the same animal, and from the review 
rs apparent that no satisfactory method had 
developed for stimulating and recording 
•le function repeatedly in the same animal. 
:his reason we attempted to design a method 
tudy of muscle power which could be used 
tedly and which, in order that the data 
red would have the greatest clinical signifi- 
. best simulated clinical conditions with the 
sacrifice of physiologic accuracy. 

: were immediately' faced with the question, 
t is the measure of the power of a muscle? 
he ultimate force that the muscle can exert 
subjected to progressively stronger re- 
or sustained galvanic or faradic stimula- 
Such experiments damage the muscle, 
e results are variable. Likewise, experi- 
on fatigue and on the ability' of a muscle 
a given weight a variable height were 
factory'. It was noted that when the 
h of the faradic current is increased grad- 
point is reached at which the twitch of 
scle caused by the completion of the cir- 
lals tliat caused by the break of the cir- 
’his break value forms a plateau which 
over a range of several amperes and is 
y constant for the same normal muscle 

rtin, EL G. ; Field, J., and Hall, V. E. : K 
• for Obtaining and Recording Isometric Con- 
i Mammaliam Skeletal Muscle in Situ, Am. 
. 102:476-480, 1932. 

es, J. C. : Disuse .\tropby of Skeletal Musde, 
tralia 2:160-164, 1941. 

:man, F. A., and Blatz, W. E. : Studies in 
m of Denervated Jilammalian Muscle: III. 
rssage and Electrical Stimulation, J. Phvsiol. 

.920. 


when the experiment is repeated at weekly in- 
tervals. We have used the power exerted by' a 
single trvitch of the muscle when stimulated at 
the plateau level as a measure of the power of 
the muscle. In some of our cats the gastroc- 
nemius-soleus group of muscles of each leg 
exerted a force of over 20 pounds (9.1 Kg.) 
in a single twitch. 

METHOD 

Briefly, the method consists in stimulating the gas- 
trocnemius group of muscles in a cat and recording 
the contraction by means of a torsion lever and kymo- 
graph (fig. 1). The cat is deeply anesthetized, sodium 
pentobarbital being used in a dose of 0.6 cc. per kilo- 
gram of body weight, intraperitoneally, and the hind- 
legs are clipped free of long hair and prepared with 
cetylpyridinium chloride and alcohol. After this, the 



Fig. I. — Two Hews of an anesthetized cat in the 
apparatus. 


cat is mounted on the stimulating table by means of 
three clamps, one at each ankle and one across the 
pelvis and thighs. 

These clamps are fastened to the same block of wood, 
the clamp block, which is, in turn, attached to the 
stimulating table. Each ankle clamp consists of a 
U-shaped piece of brass which, through slots, can be 
adjusted to various’ heights on the clamp block, depend- 
ing on the size of the cat. Projecting centrally about 
inch (1 cm.) from one arm of the U is a 54 inch 
(0.3 cm.) metal rod pointed at the end. .A similar rod 
is screwed through the other arm of the U and is made 
adjustable by a thumbscrew at its end. The pelvic 
clamp is a plaster of paris impression of the pelvis 
and upper parts of the thighs of the animal, made in 
two pieces. One piece is a mold of the ventral side 
and the other a mold of the dorsal side of the animal. 
Each of these casts fits on two upright bolts fastened 
to the clamp block and can be tightened firmly arotmd 
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at 10:30 a. m., followed by closed ether anestliesia for 
maintenance. Lysis of extensive adhesions of the 
omentum into the peK-is was done. The operation lasted 
an hour and fifty-three minutes, and the patient was 
returned to the ward in good condition at 12:50 p. m. 


sulfate and sulfapyridine. Copious e.\pectoration re- 
sulted from cocainization of the throat, with pronounced 
relief experienced by the patient A roentgen ray 
examination at 8 a. m. revealed two-thirds clearing of 
the left base, with still a slight shift of the mediastinal 



Fig. 2 (case 5).— .-1, showing collapse of the lower lobe of the left lung before treatment B, showing 
reexpansTon of the left base shortly after treatment and two hours after initial collapse, C, showing complete 
reexpansion and clearing of the left lung ten hours after initial collapse, with immediate treatment. 


She was talking at 1 :30 p. m. At 6 a. m. January 23, 
she was found tyanoUc and complaining of pain in the 
chest. A roentgenogram revealed collapse of the left 
lung (fig. 2 A'). Swabbing of the throat with epi- 
nephrine and cocaine was started, wdth inhalations of 
carbon dioxide and oxj-gen and use of ammonium 


shadow (fig. ZB). Roentgen ray examination at 4 
p. m. showed complete clearing of the base of the left 
lung (fig. 2C). 

This case also illustrates the value of immedi- 
ate treatment in preventing’ pneumonia following 
collapse of the lung. 



Indicates variation not in excess of actual maximum deviation. 
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i per cent of body weight, a value in agreement 
with that originally found by Blalock, Harkins 
and others^ (chart 1). 

Along with the local accumulation of fluid, 
sodium enters the injured area; this amounts to 
O.IO milliequivalent for a 15 Gm. mouse and is 
greater by 0.03 milliequivalent than the amount 
which can be accounted for by the local increase 
in fluid. This local increase in sodium is equiva- 
lent to the entire sodium in the circulating blood 
or one fourth of tliat in the total extracellular 
fluid. This rapid accumulation of fluid and 
sodium occurs at the expense of the uninjured 
tissues, which are correspondingly dehydrated. 

During the same t\vo hour period, the injured 
area loses approximately one third of its total 
potassium, amounting to 0.03 milliequivalent per 
15 Gm. mouse (chart 1). This quantity of 
potassium is thus released from the traumatized 
area into the rest of the body; its significance 
will be discussed later. It is of interest that the 
potassium loss from the injured area corresponds 
approximately to the sodium gain, which is in 
excess of that calculated to enter with the edema 
fluid, suggesting that an exchange of potassium 



Chart 1. — Changes in water, sodium and potassium 
in the hindlegs of mice subjected to tourniquets for two 
hours. .Analyses ttvo hours after removal of tourniquets. 
\'alues represent the total amounts in the two legs of a 
15 Gm. mouse. Control ^•alues from normal mice studied 
simultaneously. 

fur sodium takes place in injured tissues; evi- 
dence that this can occur in vitro has been 
presented by Eichelberger and Hastings and 
tliat it can occur in vivo by ^Manert' and Solandt.' 

6. Hastings, .A. B., and Eichelberger. L. : The 
Exchange of Salt and IVater Between Muscle and 
Blood : I. The Effect of an Increase in Total Body 
Water Produced by tlie Intravenous Injection of Isotonic 
Salt Solutions, T. Biol, Chem. 117:73-93 (Jan.) 1937. 

7. Mattery, J., and Solandt, D. : Studies in Experi- 
mental Traumatic Shock with Particular Reference to 
Plasma Potassium Change.s. .Am. J. Phvsiol. 138:499- 
511 (Feb.) 1943. 


The magnitude of these local changes in fluid 
and electrol)’te have also been studied by Fox 
and Keston ® with the use of radioactive sodium, 
and our results are substantially in agreement. 

URINARY STUDIES 

In addition to local alterations in the injured 
area, some estimate of the electroljde changes 



I ST DAY 2ND DAY 2 DAY TOTAL 


Chart 2. — Sodium excretion in urine of normal and 
shocked (tourniquet) mice. Both groups received 0.385 
milliequivalent of sodium orally the first day and 
0.302 milliequivalent the second day. Practically com- 
plete retention the first day and 72 per cent retained in 
fortj'-eight hours. Nine-tenths per cent solution of 
sodium chloride was administered. 

that are occurring in the rest of tlie body and of 
fluid and electroh-te needs in shock may be ob- 
tained by urinart- studies. Mice in which death 
from shock was prevented by therapy with 0.9 
per cent solution of sodium chloride were placed 
in metabolism cages for quantitative collection of 
urine. Normal animals similarly treated with 
sodium chloride served as a basis for comparison. 

The quantity of sodium retained by the shocked 
animal after administration of isotonic solution 
of sodium chloride may seiwe as some index of 

S. Fox. C. L.. Jr., and Keston. .A. S.: The Mecha- 
nism of Shock from Bums and Trauma Traced -.vith 
Radicsodium. Surg.. Gmec. & Obst. S0:5dl-567 (June) 
1945. 
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be done with relative safety. We further believe 
that when practical internal fixation should be 
used for fractures complicated by neiwe lesions 
in order that external fixation may be reduced 
to a minimum. For this, there maj- be a place 
for tlie dual plates recently described by one of 
us (J. A. K.). 

During tlie course of the work, we have 
thought of several means to improve the method 
and to eliminate obstacles which were encoun- 
tered. Since we cannot effect them at this time, 
we make them as suggestions to any one inter- 
ested in carrj’ing this work further. 

1. In denervated muscle, a satisfactorj- plateau 
could probabl}' be obtained on stimulation if 
smaller experimental animals were used. The 
main factor in our inabilitj- to obtain this plateau 
was the size of the muscle wliich was so great' 
in cats that stimulation of all the muscle fibers 
required current strengths which stimulated the 
fibers nearest the electrodes more than once. The 
smaller the muscle mass, the less important this 
factor would be. 

2. Arcing across the points of the hand switch 
was another difficult)". A thyrotron would elim- 
inate this, give better control of stimulating cur- 
rents and make possible their use at much higher 
values acting for a shorter time. It could also 
be set to deliver a standard number of stimuli 
at each current strength used, thus eliminating 
excess stimulation and any fatigue factor which 
that may introduce. 

3. The twitch measures immediate power but 
gives no indication of endurance. A study 
of tetanic strength in disuse and dener\"ation 
atrophy may )'ield important information. Such 
a study was not possible with our apparatus 
because the inductorium could not carry the 
necessary^ current strength. A thyrotron, how- 
ever, would pro\"ide a means for constant 
strength tetanic stimulation at high currents. 

SUM il ARY 

This study attempts to determine two things: 
(1) the optimum position of fixation of limbs 
in order to consen-e muscle power and (2) the 


best method of treatment of muscles paralyzed 
by loss of neiwe supply. 

A review of the literature on muscle physi- 
olog)- shows that in most of the studies of disuse 
and denen-ation atrophy weight has been used 
as a criterion of the atrophy. Functional studies 
have employed methods requiring the killing of 
the animal after one stimulation. Only one func- 
tional study has been reported in which the 
same animal was repeatedly stimulated, and this 
method was not satisfactor)" for our purpose. 

A method was developed for recording the 
twitch strength of the gastrocnemius-soleus group 
of muscles in cats. By means of the described 
method, animals have been stimulated as much 
as twelve different times without noticeable ' ill 
effect. 

In a series of 51 normal cats stimulated at 
weekly intervals, this method )'ielded normal 
values for one leg, which showed only 4.6 per 
cent average maximum deviation from the mean, 
with a maximum deviation range of 0 to 8.3 per 
cent. 

This method was applied to the study of dis- 
use atrophy. After normal values were deter- 
mined legs were immobilized for six weeks, with 
the muscle group in stretched, relaxed and neu- 
tral positions. Stimulation for eight weeks fol- 
lowing removal of the cast showed moderate and 
persistent disuse atrophy in the muscles wliich 
were stretched, whereas the relaxed and neutral 
groups showed little consistent effect. 

Denervated cats also were immobilized in 
various positions, but the study was unsatisfac- 
tor)" because no definite contraction plateau could 
be obtained in response to stimulation. 

On the basis of the data obtained from dener- 
vated cats, however, the suggestion is made that 
denervated muscles atrophy less if left alone than 
if immobilized. Emphasis is also placed on 
repairing the nerve before the bone is healed 
when fractures are complicated by peripheral 
nerve injuries. 

Dr. George Bishop, Professor of Bioph^-sics, Wash- 
ington Universitj" School of Medicine, has given help, 
without which this method could not have been developed 

Clarence E. Rupe, M.D., has given technical assistance 
in some of these experiments. * 
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a basis of various experimental evidence, potas- 
sium has been suggested in this role.^^ Wliile 
some recent evidence supports this view,^- the 
importance of potassium has not been generall}' 
accepted. This is due in part to the fact tliat 
previous studies have been confined to changes 
in the blood or isolated tissues, and conse- 
quently quantitative data on the magnitude of 
the total changes were not available and also 
because tlie obser\'ed alterations were interpreted 
in terms of the normal rather tlian the shocked 
animal. 

The following obsen'ations have been made ° 
in an attempt to evaluate the significance of the 
.potassium release in traumatic shock: 

(a) In a shocked animal the toxicity of admin- 
istered potassium increases six to nine times 
above that for a normal animal (chart 3). This 
is not the result of a general increase in suscepti- 
bility to toxic agents, for under similar conditions 
the toxicity of magnesium and quinidine (used as 
drug controls) was less than doubled. 

(b) The amount of potassium released in 
shock, as indicated b}'- anatyses of the entire 
injured area and bj* urinary studies, is toxic for 
a normal animal when given intravenously or 
intraperitoneally and for an anuric (nephrecto- 
mized) animal when given subcutaneously and 
is several times the fatal dose for a shocked ani- 
mal when given by any route (chart 3) . 

(c) The elevation of serum potassium in the 
shocked animal cannot be interpreted in terms of 
the election required to kill a normal animal. 
Rabbits in shock that are killed by injections of 
potassium chloride show terminal serum potas- 
sium levels (13.20 milliequivalent per liter, with 
a standard error of 0.22) within the same range 
as those found in shocked rabbits without treat- 
ment with potassium chloride that die from shock 
several hours later (12.08 milliequivalent with a 
standard error of 0.35). These values are lower 
than those obtained for normal rabbits that are 
killed by injections of potassium chloride 
(16.58 milliequivalent with a standard error of 
0.68). These results suggest that the moderate 
ele\ations of serum potassium seen in shock may 
have greater significance than is usually attrib- 

11. Scudder, J.: Shock: Blood Studies as a Guide 
to Therapy, Philadelphia, J. B. Lippincott Company, 
1940. 

12. Bywaters, E, G. L., and Popjak, G. : Experi- 
mental Crushing Injury, Surg., Gtmec. & Obst. 75:612- 
627 (Nov.) 1942. Bvwaters, E. G. L. : Ischemic Muscle 
Necrosis, J. .A,. M. A. 124:1103-1109 (April 15) 1944. 
Oarke, A. P. W., and Cleghom, R. A.: Chemical 
Studies of Tissue Changes in .Adrenal Insufficiency and 
Traumatic Shock, Endocrinology- 31:597-606 (DecI 
1942, 


uted to them, particularly in relation to the 
terminal phases of tliis condition. 

Not only is the shocked animal abnormally 
sensitive to administered potassium. It is possi- 
ble to produce withdrawal of fluid and sodium 
from the body by the intraperitoneal injection of 
dextrose solutions.^^ By the use of this technic, 
it has been demonstrated that the shocked ani- 
mal is also highly susceptible to any additional 
loss of fluid or sodium.'^ 

The evidence indicates that these three factors, 
fluid loss, sodium loss and potassium toxicity, 
are interdependent. While in shock the magni- 
tude of each change may not in itself be suffi- 
cient to produce death, their combined effects 
augment one another and may have an impor- 
tant influence on mortality in shock. 

There are various types and various degrees 
of shock, in which a variety of other biochemi- 
cal changes have been shown to exist like- 

13. Schechter, A. J. : Electrolyte and Volume Changes 
in Fluids Injected into the Peritoneal Cavity, Yale J. Biol. 
& Med. 4:167-185 (Dec.) 1931. Darrow, D. C., and Yan- 
net, H. : Changes in Distribution of Body Water Accom- 
panj-ing Increase and Decrease in Extracellular Elec- 
trolyte, J. Qin. Investigation 14:266-275 (March) 1935; 
Metabolic Studies of Changes in Body Electrolyte and 
Distribution of Body Water Induced Experimentally by 
Deficit of Extracellular Electrolyte, ibid. 15:419-427 
(July) 1936. 

14. (o) Russell, J. A.; Long, C. N. H,, and Engel, 

F. L. : Biochemical Studies on Shock : Role of Periph- 
eral Tissues in Metabolism of Protein and Carbohydrate 
During Hemorrhagic Shock in Rat, J. Exper. Med. 79: 
1-7 (Jan.) 1944. Engel, F. L. ; Harrison, H. C, and 
Long, C. N. H. : Biochemical Studies on Shock; Role 
of Liver and Hepatic Circulation in Metabolic Changes 
During Hemorrhagic Shock in Rat and Cat, ibid. 79: 
9-22 (Jan.) 1944. Russell, J. A.; Long, C. N. H., and 
Wilhelmi, A. E. : Biochemical Studies on Shock : 
Oxj-gen Consumption of Liver and Kidney Tissue from 
Rats in Hemorrhagic Shock, ibid. 79:23-33 (Jan.) 1944. 
(h) Shen, S. C., and Ham, T. H. : Studies on Destruc- 
tion of Red Blood Cells, New England J. Med. 229:701- 
713 (Nov. 4) 1943. (c) Govier, W. M. : Studies on 

Shock Induced by Hemorrhage: III. The Correlation 
of Plasma Thiamin Content with Resistance to Shock 
in Dogs, J. Pharmacol. & Exper. Therap. 77:40-49 
(Jan.) 1943. (d) Aub, J. C; Brues, A. M. ; Dubos, R. ; 
Ketj', S. S.; Nathanson, I. T. ; Pope, A., and Zamecnic, 
P. D. : Bacteria and the Toxic Factor in Shock, War 
Med. 5:71-73 (Feb.) 1944. (c) Prinzmetal, M. ; Freed, 
S. C., and Kruger, H. E.: Pathogenesis and Treatment 
of Shock Resulting from Crushing of Muscle, ibid. 5: 
74-79 (Feb.) 1944. (/) Glenn, W. L.; Muus, J., and 
Drinker, C. K.: Observations on the Physiology and 
Biochemistrj' of Quantitative Bums, J. Qin. Investiga- 
tion 22:451-459 (May) 1943. Perlmann, G. E.; Glenn, 
W. W., and Kaufman, D.: Changes in Electroh-tic 
Pattern in Lymph and Serum in Experimental Bums, 
ibid. 22:627-^ (July) 1943. (g) Ricca, R. A.; Fink, 
KL; Katzin, L. I., and Warren, S. L. : Effect of En- 
vironmental Temperature on Experimental Traumatic 
Shock in Dogs, J. Qin. Investigation 24:127-139 


(Fcsir.oie esriinved cr. r.ezt ps^r) 
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RESULTS 

None of tlie animals showed gross evidence 
of active peritonitis or fat necrosis, although 
local adhesions about the pancreaticoenterostomy 
were pronounced in 4 (IS per cent) and moder- 
ate in 11 (50 per cent) ; in the remaining 7 (32 
per cent), adhesions were slight or absent. Other 
significant observations are summarized in the 
table. 

Response to Sceretin . — Of the 22 animals 
studied, 15 showed definite secretion of pan- 


Among the 6 remaining failures, dogs 4, 5 and 
12 were tested within nine days of the operation. 
Despite the negative response of dogs 4 and 5, 
microscopic sections showed that a junction had 
been made between the pancreatic duct and the 
jejunal mucosa, while dog 12 showed acute pan- 
creatitis and no evidence of fistula. Two other 
negative responses occurred, in dogs 7 and S, 
investigated at twenty-one and twenty-six days 
respectively. Microscopic sections in these ani- 
mals revealed diffuse fibrosis of the pancreatic 



Fig. 2. — Pronounced dilatation of the duct due to obstruction from fibrosis. 2\ote the flattened epithelial lining 
and the moderate degree of parenchymal scarring (X 40). 


' creatic juice at the pancreaticojejunal junction 
' after intravenous injection of secretin, an inci- 
' dence of spontaneous fistula formation of 68 per 
cent. One (dog 11) died of air embolism im- 
. mediately after the injection of secretin into the 
. vena cava, so that no determination of the 
■ secretorj' response could be made. Elimination 
of this animal from the series would result in an 
/ incidence of 71 per cent of spontaneous fistula 
formation. 


stump, failure of the duct to form a junction with 
the jejunal mucosa and pronounced dilatation of 
the duct s^-stem (fig. 2). In the last failure, dog 
9, a large retention cyst of the implanted stump 
developed, containing fluid which gave a strongly 
positive reaction for amylase. 

Acute Pancreatitis . — IMicroscopic studies of 
the implanted pancreatic stumps revealed some 
evidence of acute inflammator}’ reaction in 6 
animals; an incidence of 27 per cent. As noted 
in the table, pronounced diffuse pancreatitis was 
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Therapy in most experiments on burns and 
toumiquet shock was begun one-half to one liour 
after the injun.’, when visible symptoms of 
shock, namely prostration and dyspnea, were 
present. Deatlis in untreated animals had 
already occurred at the time therapy was begun. 
Even when therapy was delayed beyond this 
point, favorable responses to administration of 
saline solution have been obtained. In hemor- 
rhage experiments 10.5 per cent of the mice had 
died at the time of onset of therap}-. which was 
administered in the interval between bleedings 
(after a blood loss of 2.25 per cent body weight). 

■Pfie percentage of surv-ivors is considerably 
lower if onl}’ 5 per cent of body weight of an 
isotonic solution of a sodium salt is given 
(chart 4) ; this, in part, explains the lack of 


ion. A similar response was obtained with all 
the sodium salts we have tested, while other 
cations — potassium, calcium, magnesium, cesium, 
rubidium and lithium — ^^vere either deleterious 
or without effect.-'’ 

^^^^ikewise, isotonic de.xtrose solutions had little 
etfect (chart 5); given intraperitoneally (and 
this probabh' applies to other methods of admin- 
istration such as h}-podermoclysis), diey were 
decidedl}' harmful “ because thev temporarily 
withdrew water and sodium from the body. 
H^-pertonic solutions in general were found to 
be less effective than isotonic solutions, perhaps 
for the same reason. 

^A'ater administered oralh-. 8 to 10 per cent 
body weight, was ineffective in bum shock (91 
per cent mortalit}- in 50 mice as compared with 
95 per cent in 50 controls). In tourniquet 




OATS DAYS PCRCENT BOOT Y(T — B^OOO LOSS 

Chart 4. — The simiiar therapeutic response of mouse serum administered intravenously and saline solution 
administered orally in bum and toumiquet shock and hemorrhage, given in equis-alent doses on a basis of body 
weight (B.W.). Concentrated human semm albumin (25 per cent) is less effective than semm in doses with 
equivalent protein content but less sodium chloride. .Also the increased effectiveness of larger doses of isotonic solu- 
tion of sodium chloride (10 to 15 per cent body weight) is indicated. Each curve is a composite of results or 
several experiments. Figures in parentheses indicate number of mice represented. 


success with saline therapy frequently reported 
from the laboratorj- and clinic, where this amount 
has usually represented the maximum thera- 
peutic dose. 

comparison of various salts has shown that 
the beneficial effect is a function of tlie sodium 

ship of Salt Solutions. Serum and Defibrinated Blood 
in tlie Treatment of Severely Scalded, Anesthetized 
Dogs, .Ann. Surg. 120:367-376 (Sept.) 1944. 

24. Locke, W. : .An Experimental Method for Evalu- 
ating Blood Substitutes. Science 99:475-476 (Jime 9) 
1944. 

25. Harkins, H. X. : Personal communication to the 
authors. 


shock some benefit from this was seen (50 per 
cent mortalit}- in 48 mice as compared with 
90 per cent in 48 controls). In hemorrhage only 
slight benefit from water was obtained.'* and this 
was shown to be due to blood dilution : in terms 
of hemoglobin loss, the animals treated with 
water were able to withstand no greater deple- 
tion titan tlie controls. 

Fruit juices, because of their high potassium 
content, are definitely harmful in experimental 
shock. .\n experiment in toumiquet shock 
demonstrated that 5 per cent body weight of 

26. Rosenthal.-^ Tabor and Rosenthal.^ 
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into the ascending colon. If the intussusception 
becomes compound, tlien the clinical picture is 
that of intestinal obstruction. 

The treatment of intussusception of the ap- 
pendix into itself is appendectomy. In the event 
of a completely intussuscepted appendix, the 
appendix is removed by resecting a small cuff 
of cecum which surrounds the base of the ap- 
pendix. The compound variety may be easily 
reduced, but if gangrenous, resection of a portion 
of the cecum and anastomosis of the ileum to 
the ascending or transverse colon are required. 

REPORT OF A C'tSE 

A 45 year old bipara was seen by a physician three 
years prior to operation for severe pain of twelve hours’ 
duration in the right lower quadrant. The sudden acute 
pain was associated with nausea, vomiting and abdominal 
tenderness. Physical examination demonstrated tender- 
ness without spasm in the right lower quadrant, a normal 
uterus and normal vaults. Her white blood cell count 
was 22,500, blood pressure 96 systolic and 60 diastolic 
and pulse rate 64. The urine was normal. Her i)ain 
and tenderness subsided in fort 3 '-eight hours, and she 
was well until one month later, when a similar pain in 
the right lower quadrant of the abdomen occurred. 
During the next six months she was free of pain, and 
physical examinaUon revealed no abnormalities on three 
occasions. Two years later the pain recurred, asso- 
dated with a slight fever. Still later the patient was 
referred to us. We found nothing abnormal on abdomi- 
nal examination but an enlarged uterus. There was a 
large cystic mass in the right vault On Nov. 24, 1943, 
with the patient under nitrous oxide, oxj-gen and ether 
anesthesia, an appendectomy, total hysterectomy and 
bilateral salpingo-oophorectomy were performed. The 
appendix was short and broad, and the junction of the 
appendix and cecum was unusually wide, measuring 1.5 
cm. Because of its wide base, the appendix was re- 
moved between two Kocher clamps and the stump dosed 
with two rows of chromic surgical gut stitches. Both 
omries were destroyed by large endometriomas which 
were adherent to a uterus containing fibroids and also 
to the under surfaces of the broad ligaments. The 
patient made an uneventful recovery. 


The Specimen . — The distal half of the appendix had 
intussuscepted into the proximal half, and the im-aginated 
mucosal surface of the tip of the appendix was smooth 
and glistening and was not ulcerated. The inverted 
end filled the wide lumen of the appendix, and the tip 
lay almost at the junction of the appendix and the 
cecum. In the accompanj-ing drawing the wide base of 
the appendix is illustrated, as is the relationship behveen 



Showing the wide base of the appendix and the rela- 
tionship between appendix and cecum. At lower right 
the slight dimple at the end of the appendix is shown. 

the cecum and the appendix. An end on view of the 
appendix is shown to demonstrate the slight dimple 
present, and on either side of the dimple there were 
bluish spots which were undoubtedly small endometri- 
otnas. Because of the loss of the appendix before micro- 
scopic examination, the diagnosis of endometriosis cannot 
be substantiated. 

The first attack of pain, three years before 
Operation, was undoubtedl}' acute appendicitis. 
This inflammatorj- process may well account for 
the subsequent development of the intussuscep- 
tion. The recurrence of the pain which neces- 
sitated further examination and operation in all 
probability was due to the intussusception, al- 
though the large endometriomas may have pla3'ed 
some part in the production of the abdominal 
pain. 
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protein-free ultrafiltrate of serum along with the 
same serum and also by comparison of serum 
given by mouth (whereby the proteins as such 
would not be absorbed) with serum adminis- 
tered intravenously. In these e.xperiments 
likewise, the therapeutic response could be at- 
tributed to the electrolytes contained in the 
serum (chart 5 A). The results with serum 
albumin (human) were inferior to those with 
saline solution or serum and here, again, could 
be correlated with the amount of electrohde 
solution (isotonic solution of sodium chloride) 
contained in tlie preparation (chart 4 A). 

^ contrast to the absence of influence of 
administration of serum protein was the better 
therapeutic effect obser\-ed in hemorrhage when 
whole blood or erA'throcytes in isotonic solution 
of sodium chloride were compared with plasma 
or saline solution alone (chart 5 C). 

We have carried out similar studies with whole 
blood therap}’ for traumatic and burn shock and 
were unable to demonstrate any superiority over 
plasma or isotonic solution of sodium chloride 
similarly administered. In tourniquet shock, 
treatment with whole blood, 5 per cent bod\' 
weight intravenously, brought about a survival 
of 35 per cent of 32 mice while with plasma 
40 per cent survived. In burn shock, similar 
treatment with whole blood resulted in 42 per 
cent survivals as compared with 66 per cent with 
plasma. Thirty to 32 mice were employed in 
each group, and the control mortalities (un- 
treated mice) were 100 per cent in both e.xperi- 
ments."'’ 

' It is thus obsen^ed that under these e.xperi- 
mental conditions therap}' with whole blood is 
of value in hemorrhage, but in bum or traumatic 
shock no superiorit}’ over plasma or saline solu- 
tion could be demonstrated. These obsen-ations 
are of particular interest in view of the recent 
use of whole blood in the treatment of all forais 
of shock. 

OTHER F.ACTORS 

Brief mention will be made of some other 
factors which we have studied in shock. The 
hamiful effect of an environmental temperature 
that is too hot or too cold is no^y well recog- 
nized : the exact optimum remains to be 

28. Rosenthal.- Tabor, Rabat and Rosenthal.* 

29. Unpublished results. 

(i} 30. Catch, W. D., and tVakim, K. G. : Effect of 

External Temperature on Shock: Experimental Study, 
ri. J. .-V. M. .•\. 121:903-907 (March 30) 1943. Cleghom, 
f'" R. A.'. The Effect of Different EnUronmental Tem- 
y? pcratures on the Survival of Dogs .'\fter Severe Bleed- 
ing, Canad. M. .•\. T. 49:363-367 (Xov.) 1943. Elman. 
R. ; Cox, \V. ^f. : Lischcr. C., and Mueller, A. J. : 
•)., ^(c^taIity in Severe Experiment.il Bums as .Affected 


established but available evidence indicates that 
it lies between 16 and 24 C.“°“ 

Administration of 100 per cent oxygen at atmos- 
pheric pressure did not affect mortalit}- of bum or 
tourniquet shock in mice Frank and Fine have 
previously reported negative results with oxt'gen 
at a pressure of 3 atmospheres for dogs."^ Mor- 
phine in analgesic doses (2 to 6 mg. per kilogram) 
had no unfavorable influence on bum shock in 
mice-”: Blalock has preriously reported similar 
results in dogs.”- Injection of adrenal cortex 
extract either prophylactically or subsequent to 
burns did not affect the acute mortalit}'. Like- 
wise. no therapeutic effect was obseix'ed from 
therapeutic doses of epinephrine in oil or from 
posterior pituitaix' extracts.”* In local therapy 
of bums, covering two thirds or more of the 
body surface with tannic acid, liquid petrolatum 
or cod liver oil was deleterious in that the mor- 
tality from shock was increased.”” 

The immunity which has been obserx'ed after 
repeated trauma has been shown to be a local 
tissue response rather than a humoral reaction.”” 

/ COMMENT 

M’ith simplified procedures it has been possible • 
to stud}' the acute mortality following bums, 
trauma and hemorrhage in large numbers of 
small animals. The correction of disturbances 
of fluids and specific electrol}'tes has been demon- 
strated to be of greater importance for sun'ival 
than the administration of plasma proteins. Our 
results indicate that for the most favorable 
response quantities of isotonic solutions of 
sodium salts equal at least to 10 per cent of 
body weight are indicated during the first 
twent}'-four hours. In this respect, it is believed 
that current methods of treating shock are inade- 
quate. 

b 5 - En^ronmental Temperature, Proc. Soc. Exper, Biol. 

& Med. 51:350-351 (Dec.) 1942. RosenthaI.=» Ricca, 
Fink, Katzin and Warren.^*E 

30a, More recent studies of temperature effects 
have shown that the increased survival time of untreated 
animals kept at 16 to 22 C. is not a true criterion of 
optimum temperature. WTien mice t^th tourniquet 
shock are treated wth adequate amounts of isotonic solu- 
tion of sodium chloride or plasma, an entirely different 
response is obtained; the majoritj' of them will live if 
kept at 26 to 29 C., while the majoritj' of them will die 
if kept below 22 C. or above 31 C. 

31. Frank, H. .A., and Fine, J. : Traumatic Shock: 

V. .A Study of the Effect of Ox>'gen on Hemorrhagic 
Shock, J. Clin. Investigation 22:305-313 (March) 1943. 

32. Blalock. .A. : Effects of Morphine in Experimental 
Shock Due to Hemorrhage, .Arch. Surg. 47:326-328 
(Oct) 1943. 

33. Rosenthal. S. M. : Tabor, H., and Lillie, R. D. : 
The Local Nature of .Acquired Resistance to Trauma, 
.Am. T. Physiol. 143:402-406 (March) 1943. 
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Holm calls attention to the lines formed in 
• growing bones as a result of phosphorus poison- 
ing and shows by. roentgenograms that they 
may last a lifetime.- 

Ugauieiits, Muscles and Tendons. — ^Kuhns-® 
points out that ligamentous weakness is present 
and easily discernible -as a clinical entity in 10 
per cent of children but that ligamentous tight- 
ness is also present in many and has received 
scant attention. Tightness is found more fre- 
quently in the hamstring and back areas. 

Goldberg and Comstock®* emphasize the dif- 
ferential diagnosis of herniations of muscle 
obser^'ed in the legs from lipoma, hematoma, 
tuberculosis, pseudo hernia and varices. A case 
of multiple small hernias of the tibialis anterior 
muscles of both legs is presented. 

In an analysis of 190 cases of chronic non- 
specific tenos^Tiovitis and peritendinitis, Lips- 
comb ®® feels that trauma is in most instances 
the etiologic factor. The pathologic changes 
are reviewed, and his opinion is that they differ 
onty in degree and depend on the duration of 
the disease primarily. Conserv-ative treatment 
consisting in splinting and roentgen ray ther- 
apy is adHsed, and if improvement does not 
occur surgical intervention is indicated. 

19. Holm, O. F. : Beitrag zur Kenntnis der Entstehung 
der Phosphorsklerose, Acta radiol. 23:549-561, 1942. 

20. Kuhns, J. G. : Tightness of Ligamentous Struc- 
4ures, Arch. Pediat. 61:179-183 (April) 1944. 

21. Goldberg, H. C., and Comstock, G. W.: Her- 
niation of Muscles of the Legs, War Med. 5:365-367 
(June) 1944. 

22. Lipscomb, P. R. : Chronic Nonspecific Tenosyno- 
vitis and Peritendinitis, S. Clin. North America 24: 
780-797 (Aug.) 1944. 


Osteochondritis. — Uhr}' presents an inter- 
esting review of 79 cases of osteochondrosis of the 
tuberosity of the tibia (Osgood-Schlatter’s dis- 
ease) and defends the original ideas of the per- 
sons first describing the condition in which the 
disorder develops as a result of minor separation 
of the structures of the tibial tubercle and the 
patellar ligament. The author believes that the 
characteristic pathologic changes represent callus 
repair at the site of separation. He feels that 
osteochondritis as such (that is. inflammation) 
is not in evidence. The immediate instigating 
factor is consistently trauma. 

Sttdeck’s Atrophy . — Buchman reports an 
interesting case of Sudeck’s atroph}' following 
a single minor surgical procedure for explora- 
tion of a tendon sheath. The surgical treat- 
ment was followed by severe symptoms, partially 
relieved by injection of procaine hydrochloride 
after lack of response to usual methods of treat- 
ment. 

Abuse of Bed Rest . — Since this article will 
probabl}' not come within the purview of the 
editors of other sections of “Progress in Ortho- 
pedic Surgerj-,” it is felt that it should be men- 
tioned here. Ghormley sounds a keynote of 
change from the emphasis placed on rest by 
Hugh Owen Thomas and cites the many dis- 
advantages of rest as compared with early 
activity in the orthopedic field. 

23. Uhrv, E., Jr. : Osgood-Schlatter Disease, Arch. 
Surg. 48:406-414 (May) 1944. 

24. Buchman, J. : Postoperative Post-Traumatic 
Osteoporosis or Sudeck’s Atrophv, Bull. Hosp. Joint 
Dis. 4:55-61 (Oct) 1943. 

25. Ghormley, R. K. : Abuse of Rest in Bed in Ortho- 
pedic Surgeo’, J. -A M. A. 125:1085-1087 (.\ug. 19) 
1944. 


II. CONGENITAL DEFORMITIES 
PREPARED BY J. HIRAM KITE, M.D., .VltANTA, GA. 


For several years I have begun this section 
on “congenital deformities” ivith a description 
of the experiments conducted by Josef Warkany. 
Each 3’ear he and his workers have given addi- 
tional information on the cause of some of the 
congenital deformities. This past year has 
brought information on how to prevent de- 
. formities. 

In times past, various authors have attributed 
congenital malformations to a maternal nutri- 
tional deficienci-. Warkany and Schraffenber- 
ger,®® after establishing a set pattern of deformi- 
r' ties which follow what they call diet I, made 

■ 26. Warkany, J., and Schraffenberger, E. : Con- 

genital Malformations Induced in Rats by Sfatemal 
. Nutritional Deficiency, J. Nutrition 27:477 (June) 1944. 


various additions to the diet, trjdng to prevent 
deformities. The}' found first that 2 per cent 
pig liver would prevent deformities. A search 
was made for the preventive factor in pig liver. 
After studi'ing hundreds of litters of rats, the}' 
give the following conclusions : 

The congenital malformations of the pattern of 
diet I are prevented when the maternal diet I 
is supplemented by ribofiaHn. Supplements of 
thiamine hydrochloride, nicotinic acid, pyridoxine 
and calcium pantothenate are not preventive. 
With a purified maternal ^iet in which the vita- 
min B complex is represented by cr}'stalline sub- 
stances, malformations of the pattern of diet I 
appear in the offspring when riboflavin is 
omitted. On the same diet supplemented by 



GELATIN SPONGE. A NEW HEMOSTATIC SUBSTANCE 

STUDIES OX ABSORBABILITY 

HILGER PERRY JENKINS. M.D., and JAMES S. CLARKE, 

CHICAGO 


Hemostasis is a fundamental principle in sur- 
gical technic. It can be satisfactorily obtained 
in most instances by ligature, clips, pressure, 
electrocoagulation and packs. There are some 
situations, however, in which venous or capillary 
bleeding maj' be difficult to control by these 
methods. This is especially true of neurosurgical 
operations in which bleeding from the dura, the 
brain or the spinal meninges may be especially 
troublesome. This also obtains in many instances 
of general surgical procedures, such as operations 
on liver, kidney, spleen, pancreas, thyroid, bone, 
chest and female generative tract, in which con- 
ventional hemostatic methods may not be ade- 
quate. Wa3’s and means of obtaining better 
hemostasis in such circumstances would consti- 
tute a substantial improvement in the general 
technic of surgery. 

The major recent advances in the problem of 
control of capillar}' and venous oozing have been 
the development of coagulating agents, such as 
thrombin, and the use of absorbable substances 
which will aid in clot formation by purely 
mechanical means, such as transmitting pressure 
to the bleeding surface and offering a matrix 
for the formation of the clot. The clot-forming 
properties of these substances are presumed to be 
enhanced by the addition of the thrombin. The 
use of muscle stamps, which was introduced bj- 
Cushing^ in 1911 and has been rather widely 
used in neurosurgical procedures since that time, 
constitutes the first general use of these prin- 
ciples, in that the muscle transmits some pres- 
sure, is absorbed and contains a clot-promoting 
substance." 


From the Department of Surgery, University of 
Chicago, The School of Medicine. 

This work was aided in part by a grant from The 
Upjohn Compan)-, Kalamazoo, Mich. 

1 . Cushing, H. : The Control of Bleeding in Opera- 
tions for Brain Tumors, with the Description of Silver 
Clips for the Occlusion of Vessels Inaccessible to the 
Ligature, Ann. Surg. 54:1, 1911. 

2. Fonio, A. : Ueber die Wirkung der intravenosen 
uhd der subkutanen Injektion von Koagulen Kocher- 
Fonio am Tieiwersuch, nebst einigen therapeutischen 
Erfahrungen, Mitt. a. d. Grenzgeb. d. ^fed. u. Chir. 
27:642, 1914. 


The work of Seegers “ and his co-workers 
deserves special mention as a major contribution 
to the problem of hemostasis. The\' have devel- 
oped a method of preparing a purified thrombin, 
which is now commerdally available, and, further- 
more, the}' have worked out a method of calibra- 
tion and standardization of the potenc}' of the 
thrombin known as the Iowa unit. There have 
been commercial preparations of thrombin or 
clot-promoting substances obtained from muscle 
or tissue extracts which have been available on 
the market for many years. This type of material 
has been outmoded, however, since the work of 
the Iowa group. 

From the standpoint of absorbable substances 
which could mechanically aid in the formation of 
a clot, the work of Frantz ■* deserves attention. 
She found that o.xidized cellulose in the form of 
absorbable cotton, paper or gauze was absorbed 
in eleven' to thirty days in dogs and cats and 
produced only a mild foreign body reaction. She 
and co-workers reported the successful use of 
oxidized cellulose without thrombin to control 
bleeding in 17 cases in which muscle would other- 
wise have been required for hemostasis. Putnam ° 
used oxidized cellulose soaked in thrombin to 
control bleeding in thirt}' neurosurgical opera- 
tions and found it satisfactor}-. Cronkite, Deaver 
and Lozner ® have been favorably impressed with 
the use of thrombin with and without oxidized 
cellulose to arrest hemorrhage in operative and 
traumatic wounds. The observations of Uihlein 


3. Seegers, W. H. ; Warner, E. D. ; Brinkhouse, 
K. M., and Smith, H. P. : The Use of Purified Throm- 
bin as a Hemostatic Agent, Science 89:86, 1939. See- 
gers, W. H., and Doub, L. ; Oxidized Cellulose and 
Thrombin, Proc. Soc. Exper. Biol. & Med. 56:72, 
1944. 

4. Frantz, V. K.: Absorbable Cotton, Paper and 
Gauze, Ann. Surg. 118:116, 1943. Frantz, V. K.; 
Clarke, H. T., and Lattes, R. : Hemostasis with Ab- 
sorbable Gauze, ibid. 120:181, 1944. 

5. Putnam, T. J. : The Use of Thrombin on Soluble 
Cellulose in Neurosurgery, Ann. Surg. 118:127, 1943. 

6. Cronkite, E. P. ; Deaver, J. M., and Lozner, 
E. L. : Experiences with Use of Thrombin With and 
Without Soluble Cellulose for Local Hemostasis, War 
Med. 5:80 (Feb.) 1944. 
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Jell and Grice, from Boston, describe 
'ther modification of the Denis Browne splint 
the treatment of congenital club feet. They 
’e a splint which is narrower in the heel and 
the foot better and is also arched to prevent 
ker bottom. They have made an improve- 
nt in the method of strapping the foot to the 
■te. They give the following summar}- : 

During the treatment of 53 patients with 
complicated congenital talipes equinovarus 
th the modified Denis Browne splint, several 
anements in technic have been evolved to meet 
rious problems, such as pressure sores, derma- 
is, incomplete correction, persistent equinus 
formity, loss of longitudinal arch and unilateral 
•iomiity. These refinements are described, 
access of this method depends on the accuracy 
ith which the foot is fixed to the splint. If 
roperly applied, the splints will allow correction 

37. Bell, J. and Grice, D. S.: Treatment of Con- 
mital Talipes Equinovarus with the Modified Denis 
rowne Splint, J. Bone S: Joint Surg. 26:799 (Oct.) 


of the varus deformiU' and yet will maintain the 
longitudinal arch while obtaining full correction 
of the equinus deformitj*. Recurrence of the 
deformity is a constant threat, but this tendenc}' 
is minimized by complete correction early and 
tiien b}' continued use of the splint intermittently, 
at least until the child begins to walk. 

[Ed. Note (J. H. K.). — For the last two 
years I have commented at length on my experi- 
ences with the Denis Browne splint. Briefly, I 
have obtained better results with plaster. I have 
tried the method of strapping mentioned by the 
author and feel that it is an improvement. 
Denis Browne says that he has made more than 
fifty modifications of the splint. Still more may 
be expected.] 

[Ed. Note (L. D. B.). — I have seen Grice 
apply the modified splint and have seen several 
of the patients. The splint and the method of 
applying the adhesive are great improvements in 
the Denis Browne technic, and any one using 
splint therapy should adopt these modifications.] 


III. TUMORS OF BOME AND OF SyNO\'TAL MEMBRANE 
PREP.\RED BV HEXRV 'V. MEVERDIXG, M.D., ROCHESTER, MIXX. 


A. Classification of Tumors of Bone. — Brach- 
tto-Brian presents a classification adopted by 
he “Comite para el Estudio de los Tumores 
Dseos” of the Associacion Argentina de Cirugia. 


He discusses various phases and believes that the 
classification should be based on the type of tissue 
affected, since different cells would originate dif- 
ferent neoplasms. The classification is as follows : 


A. Tumors oI the skeletal 
sector 


reticolo- 

endothebal sector 


C. Tiunors of the hema 
poietic sector 

D. Tumors of theva^ci 
connectiTe sector ' 


Genetic Cells 

XeoplBSms Originated 


Xames of Tumors 

Osteoblast 

I. Osteoblastoma 

Benign 

Malignant 

Osteoma 

Osteosarcoma; osteogenic 




sarcoma 

Chondroblast 

II. Chondroblastoma 

Benign 

Malignant 

Chondroma 

Chondrosarcoma 

Mycloplas 

III. llj-eloplaxoma 

Benign 

Malignant 

Giant cell tumor 

Mesoblast 

Histiocyte 

Reiiculoblast 

IT. Beticolobiastoma 

Benign 

Malignant 

Eeticulosarcoma 

Ewing's sarcoma 

Angioblast 

Mesoblast 

Hemoblstioblast 

V. ilyeloblastoma 


Kahler’s disease; myeloma 

Hemocytoblast 

Mesoblast 

\'I. Fibroma and so forth 

Benign 


Tibroblast 

Angioblast 

VII. Osteosarcoma 

Malignant 



In the following tabulation these seven 

skeletal I. 


H. Cbondroblastomo 

TTT . Mreloplasoma 
reticulo* lY. Bcticuloblastoma 

endothelial sector 


1. Benign osteoblastoma of the substantia sfwngiosa 

2. Benign sclerosing osteoblastoma 

3. Benign chondro-osteoblastoma 

1 . Malignant osteogenic osteoblastoma 

2 . Malignant osteogenic osteoblastoma with myeloplaxes 

3. Secondary malignant osteogenic osteoblastoma 

4. Juitaconjugal malignant osteogenic osteoblastoma 

5. Telangiectatic malignant osteogenic osteoblastoma 

1. Chondroblastoma 

2. Chondromyxoblastoma 

1. Malignant chondroblastoma 

1. Benign myeloplaxoma 

2. Malignant myeloplaxoma 

1. Localized retlcnloendothelioma 

1 . Undifferentiated reticclosarcoma 

2. Kfferentiated reticulosarcoma 


Benign 

Malignant 

Benign 

Malignant 


groups of neoplasms are represented with their varieties : 


Osteoblastoma 


Benign 

Malignant 


38. Brachetto-Brian, D. : La clasificacion adoptada abstracted. Arch, cubanos cancerol. 3:19-26 (Jan.- 
n el “comite para el estudio de los tumores oseos.” March) 1944. 

Vensa mcd. argent 28:2185-2190 (Nov. 19) 1941; 



JEX KI XS-CLARKE—GELATLy SPOXGE 


255 


The most recent of the absorbable liemostatic 
materials is gelatin sponge or foam.“ This is 
prepared from ordinary commercial gelatin, 
■which is made up in a solution, to which a 
hardening agent is added. After bubbles of air 
are introduced, the mixture is allowed to dry in 
pans. It can then be cut into any desired size 
or shape. The material which has been used for 
experimental purposes has been provided in 
sealed glass jars previously subjected to steriliza- 
tion with dr\’ heat. The gelatin sponge is a white 
crisp material which is extremely light in weight. 
One cubic centimeter weighs 9 mg. The sponge 
will take up many times its weight of water when 
it is submerged and the air bubbles e.xpressed. 


additional factor in this evaluation, the gelatin 
sponge was used without thrombin. 

scries of 12 dogs was operated on by ordinary 
aseptic surgical technic with ether anesthesia, .•\iter 
the abdomen had been opened, incisions were made 
2 cm. long and 1 cm. deep in the liver, the kidneys 
and the spleen. The brisk hemorrhage which resulted 
from these incisions was controlled by p&cking the 
moistened gelatin sponge into the incision and holding 
it in place for about two minutes with ordinary- 
moistened gauze. When the gauze was removed, the 
gelatin sponge was usually adherent in the incision and 
the bleeding stopped. Sometimes there was oozing 
from the ends of the incision, which was arrested by 
laying another piece of gelatin sponge over the length 
of the incision and covering the previously applied 
sponge. Gelatin sponge was also implanted in the 



Fig. 2. — Gelatin sponge in liver after seven days. There is a wide zone of polymorphonuclear leukocytic invasion 
of the sponge at its junction with the liver, the parenchyma of which does not appear to exhibit any inflammatory 
reaction. The sponge appears to have undergone a considerable degree of absorption, as only fragments remain near 
the liver. 


When moistened, the gelatin sponge shrinks and 
becomes soft and pliable. It easily adjusts itself 
to any irregularities in the surface to which it is 
applied. It does not fragment easily, although 
it is not especialh- tough. 

EXPERIMEXT.-\L STUDY 

An experiment was devised primarily to deter- 
mine the behavior of the gelatin sponge in the 
tissues of animals and the response of the tissues 
to the gelatin. To avoid the introduction of an 

11. Correll, .T. T., and Wise. E. C. : Certain Prop- 
erties of a New Physiologically Absorbable Sponge, 
Proc. Soc. Exper. Biol. & Med. 58:233, 1945. 


omentum and in the rectus muscle near tlie abdominal 
incision. The animals were killed at periods varying from 
two to fifty-six days after the implantation. Two of the 
animals died at two and three days respectively. 


At autopsy the sponge could usually be easily 
identified in the short term implants as a red 
sogg\' mass. In the omentum there was an area 
of induration, in the center of which the sponge 
could be found if the omentum was cut across 
at this point. In the abdominal wall one could 
usually detect a small area of induration along 
the peritoneal surface (the sponge was put 
between the posterior sheath and the rectus 
muscle) which when cut revealed the sponge. 

^ After a week or ten davs it was often difficult to 

bT. LUKES KOSPITAj. 









PROGRESS JN ORTHOPEDIC SURGERY 


185 


which the pathologic report was osteosarcoma. - 
Subsequent to this, fracture* of the third meta- 
tarsal bone with callus formation developed. Ex- 
cision was again requested, and the lesion proved 
to be benign march fracture with callus fonna- 
tion. Still later tlie patient had fractures of the 
first and fourtli metatarsal bones, which were e\d- 
dent on roentgenographic examination. At the 
time the paper was written, he was living and ' 
working in a lumber mill fourteen 3 *ears follow- 
ing operation on the second metatarsal bone. The 
specimen and tlie tissues were reexamined b}* Dr. 
Broders and showed unquestionablj* that the 
original lesion of the second metatarsal bone was 
osteosarcoma and tliat the lesion of the third 
metatarsal bone was march fracture. 

Gershon-Cohen and Doran review the litera- 
ture of fatigue-stress fractures and emphasize 
tlie necessity for ruling out s}'stemic disease and 
local patliologic changes. The}* support the 
hi-pothesis of fatigue-stress and present 4 cases. 
The)' state that the fracture lines are thin and 
the callus formation is diagnostic, although they 
believe that tlie lesion could be taken for osteo- 
genic sarcoma in the latter stages of the condition. 

[Ed. Note. — I^I y case reported at the begin- 
ning of this section illustrates the confusion which 
could arise by depending on roentgen interpreta- 
tion alone.] 

■ Friedman reports a case of osteol)'tic osteo- 
genic sarcoma of the os pubis, wliich is an ex- 
tremely rare location. His patient was a woman 
42 years of age. Roentgenographic examination 
revealed destruction of the right horizontal ramus 
of the pubic bone. The serum alkaline phospha- 
tase was elevated to IS units; the calcium and 
phosphorus levels were normal. A biopsy was 
done, and tlie pathologist’s diagnosis was osteo- 
lytic osteogenic tumor of bone. Roentgen therapy 
was given for thirt)'-one montlis, with no essen- 
tial change in the roentgenograms. The patient 
died of metastasis three and a half years later. 

[Ed. Note. — The vety rare location of the 
lesion in this case, in which a tliorough study of 
the microscopic and roentgenologic findings was 
made and the end result was obtained, makes 
reports of this t)'pe of value. IMy statistical 
' studies of tumors of bone have been based on 
' facts obtained from proved microscopic changes, 
histopathologic determination of the grade of 
malignancy and subsequent follow-up of cases. 

' • _ Gershon-Cohen, J., and Doran, R. E. : Fatigue- 
' Stress Fractures; Diverse Anatomic Location and Simi- 
’ to Malignant Lesions, U. S. Nav. If. Bull. 43: 

; , 6/4-6S4 (Oct.) 1944. 

■, 65. Friedman, S. T. : Osteogenic Osteolvtic Sarcoma 

■ , of the Os Pubis, Am. J. Surg. 64:248-253 (Jlay) 1944. 


Statistical reports without a report of the micro- 
scopic studies are not based on sufficient evidence 
of proof of malignancy and therefore are of less 
value in determining the benefits of treatment and 
prognosis than those based on microscopic 
studies.] 

McNattin,‘° stimulated by the lack of satisfac- 
tory opinions concerning any one method of 
treatment of osteogenic sarcoma, reports a small 
series of cases in which the patients were treated 
by roentgen rays for from sixty to one hundred 
and forty treatments. The treatments were given 
over multiple portals, and amputation was done 
when the first signs of irradiation necrosis ap- 
peared. He believes that this form of therapy 
gives the best prognosis and that delay of ampu- 
tation does not increase the likelihood of distant 
metastasis. He believes that if serial roentgeno- 
grams show some recession of the lesion, indi- 
cating radiosensitivity in this type of sarcoma, the 
total amount of irradiation may be decreased and 
amputation may be avoided. 

[Ed. Note. — Treatment by means of roentgen 
rays given preoperatively followed by amputation 
(Ferguson) delays removal of a malignant lesion. 
Such a delay is contrar)* to the common belief 
that early eradication is the method of choice. 
Unless there is microscopic proof of the grade of 
malignancy, I hardly feel that the results of 
treatment of osteogenic sarcoma by roentgen 
therapy alone are acceptable.] 

Osteochondrosarcoma : Haggart, Hare and 
Marks present a case in which osteochondro- 
sarcoma arose from the rami of the pubis and 
ischiiun. The surgical removal of the tumor was 
made difficult by its location, since it was ad- 
jacent to and compressing the rectum. 

Kemper and Bloom present a case of osteo- 
chondrosarcoma. The patient was a girl, 13 
years of age. Biopsy revealed a spindle cell osteo- 
chondrosarcoma of the right tibia without metas- 
tasis, and amputation through the lower part of 
the thigh was done. Two years subsequent!)* 
there was an osteochondrosarcoma of the femur. 
At this time a midthigh amputation was done. 
Then about five months later a maxillary tumor, 
a mass in the upper right quadrant of the ab- 
domen and recurrence of the osteochondrosar- 

66. LIcNattin, R. F.; Treatment of Osteosenic Sar- 
coma with Preoperative Roentgen Radiation in Large 
Doses, Radiologv- 42:246-248 (March) 1944. 

67. Haggart, G, F.; Hare, H. F,, and ifarks, J. H. : 
Clinico-Pathological Conference [Osteochondrosarcoma], 
Radiology 43:378-382 (Oct.) 1944. 

68. Kemper, J. W., and Bloom, H. J.: Metastatic 
Osteochondroma of Maxilla from Primary Tumor of 
Tibia: Report of Case, Am. J. Orthodontics (Oral Surg. 
Sect.) 30:704-708 (Nov.) 1944. 
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however, there was only a slight invasion o£ the tion became fibrous. In the longer term implants, 
sponge by polymorphonuclear leukocytes. In the fibrous tissue appeared to invade the periph- 
addition, there were also lymphocytes and some ery of the sponge where absorption had occurred 
plasma cells in the peripheral portions. as a result of tlie activity of the macrophages. 

After a week or more, the predominant cells In some of the sections there was evidence of 
invading tile gelatin sponge were macrophages, the surgical gut suture material which had been 
There was little tendency for the formation of used to hold the implant in place. The tissue 
foreign body giant cells, such as one sees fre- response to the gut was invariably more pro- 
quently in microscopic sections of suture mate- nounced than that observed for the gelatin 
rial such as cotton, silk, linen or chromic surgical sponge. 



Fig. 4. — Gelatin sponge in liver after twenty-three days. The gelatin sponge is separated from the normal-appear- 
ing liver cells by a thin zone of fibrous tissue which merges with and in\-ades the peripheral portion of the sponge. 
The interstices of the sponge are filled with red blood cells in some areas, and there are a moderate number of macro- 
phages throughout. Polymorphonuclear leukocjtes are scarce. There is some thinning out of the walls of the cav- 
ernous spaces and some collapsing of the walls, indicative of a moderate degree of absorption. 


gut. These macrophages did not form a dense 
mass of cells, such as one sees at the site of ab- 
sorption of chromic surgical gut, but rather a 
more evenl)* dispersed grouping of cells through- 
out the interstices of the sponge (figs. 4, 5 
and 6). 

Fibroblast response was usually observed 
within a week, producing a definite encapsula- 
tion of the sponge. Subsequently this encapsula- 


The absorption of the gelatin sponge was 
apparently most rapid in the presence of poly- 
morphonuclear leukocytes, which appeared to 
produce a liquefaction of the gelatin sponge. In 
some such instances, the absorption had pro- 
gressed almost to completion within twelve days. 
On the other hand, most of the implants showed 
evidence of a slower absorption, which appeared 
to be carried out by macrophages and which 
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tresses mid strains. In coxa valqa. tlic internal 
rcliitocture nndergoes a devolntionary clian^c as 
result of inodilication of the external form and 
5 similar to that of the almost straight reptilian 
cnuir. In osteoarthritis, a new compact articular 
urface is formed sniierficial to the original one 
nd snpjKirtcd hy new trahecnlatcd elements 
vhich continue the radiating lines of the original 
rahccular pattern. A devolutionary process, 
loth in the extemal architecture and consequently 
n the internal architecture, takes place in the 
■tumps of the amputated femurs after loss of the 
ull normal function of weight hearing. In 2 
■pecimens examined after amputation.. there was 
in increase in the neck angle, a decrease in the 
ength of the neck and displacement of the head 
)f the femur laterally, backward and downward. 
The backward displacement represented a retor- 
sion of the head on the neck and exposed the 
medial part of the anterior surface of the neck to 
pressure of the iliofemoral ligament and the an- 
terior margin of the acetabulum, tlius producing 
an extension of tbe articular surface of the head 
in this region. 

Kleinberg reports a case of aseptic necrosis 
of the femoral head following a dislocation which 
he believes was not associated with a tear of the 
round ligament. Exploration of the hip showed a 
normal-appearing ligamentum teres, grossly and 
iiiicroscopically. He believes that this case demon- 
strates that 'rupture of the ligamentum teres is 
not a constant occurrence in a traumatic disloca- 
tion. The author points out that in most cases in 
which the femoral head is deliberately dislocated 
from the acetabulum the round ligament is tom. 
but not infrequently the head can be removed 
from the acetabulum without rupturing the round 
ligament. 

Salmore measured the pelvifemoral angle in 
100 normal persons and found that the most 
accurate measurements could be made with the 
patient in the erect position. This angle was 
defined by Milcb as the badavard opening angle 
formed by tbe axis of the femoral shaft with 
Nelaton’s line; it is valuable in measuring the 
degree of hip flexion. It was found to be between 
50 and 52 degrees in normal adults and children 
and 58 degrees in the preambulatorj' infant. 

Wellmerling discusses the management of 
fractures of the femoral neck in relation to cer- 
tain anatomic considerations of the upper end of 

S9. Kleinberg, S.; .•\septic Necrosis of the Head of 
the Femur Following Dislocation of Hip, Arch. Surg. 
49:104-108 (Aug.) 1944. 

90. Salmore, W. : Pel\-iferaoral .\ngle, J. Bone 
Joint Surg. 26:392-393 (April) 1944. 

91. Wellmerling, H. W. : New Therapy of Hip- 
Nailing: Precision Technique for Intracapsular Frac- 
tures, Tndust. Med. 13:809-817 (Oct.) 1944. 


the femur. There arc two distinct systems of 
trabeculae arranged in curved jiaths, one begin- 
m’ug on the medial side of the upper femoral 
shaft and curving upward in a fanlike radiation to 
the opposite portion of the bone and the other 
originating in the lateral portion of the upper 
shaft, arching upward and medially. Tlie result 
of the dense converging trabeculae is a thickened 
anterior and medial cortc.x. The fracture is re- 
duced by ovcrtraction in adduction and fixed in a 
coxa valga position, thereby interlocking the frag- 
ments and restoring the normal length. The au- 
thor relics on his senses and insertion of a guide 
wire and cannulated nail, controlled by two plane 
roentgenography, rather than directing devices. 
For fi.xation he uses a 5 inch (12.7 cm.) cannu- 
lated, vitallium Smith-Peterson nail. The cortex 
is entered just posterior to the center of the lateral 
aspect of the shaft and 2 inches (5 cm.) distal to 
the distal prominence of the trochanter with a 
5/32 inch (0.4 cm.) drill. The nail is driven 
with a 20 degree forward inclination so that it lies 
in the anteromedial wall of the neck, where the 
converging trabeculae are the most supportive. 
If the nail enters the midportion or anterior to it. 
the nail will emerge through the anterior portion 
of the neck. [ Ed. Note. — In cases of oblique 
neck fractures with a spicule beneath the proxi- 
mal fragment, abduction is usually necessarj' to 
accomplisb reduction.] 

Siris and Ryan believe that the chances of 
sundval are better in cases of intracapsular frac- 
tures of tbe neck of the femur when reduction is 
done immediately. The use of two machines has 
simplified the technic and makes draping easier. 
They do not permit the patients to turn on the 
uninjured side, because in a certain number of 
cases this has caused loosening of the nail. 

Aliller and Bishop reported the case of a 76 
year old patient with a fracture of the femoral 
neck, who died during manipulation of the hip 
while he was under cyclopropane anesthesia 
eighteen days following fracture. Autopsy re- 
vealed a pulmonarj- embolism which came from 
the femoral vein. The authors suggest that earl\- 
reduction might reduce the incidence of this com- 
plication. 

Weinberger describes a method for convert- 
ing fractures of the femoral neck into a valgus 

92. Siris, I. E., and Ryan, J. D. : Fractures of the 
Neck of the Femur: An .-Analysis of 157 Intracapsular 
and Extracapsular Fractures, Surg., G\Tiec. & Obst. 
78:631-639 (June) 1944. 

93. Miller. S., and Bishop, H. F. : Fatal Pulmonary 
Embolism During Manipulation of Hip Under .Anes- 
thesia, Anesthesiolog}' 5:3CK>-302 (May) 19-44. 

94. Weinberger, M.: Alodification of Lines of Force 
in Treating Fractures of Neck. Rev. brasil. de ortop. 
e traumatol. 4:235-240 (SepC-Dec.) 1943. 
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however, there was only a slight invasion of the 
sponge by polymorphonuclear leukocytes. In 
addition, there were also lymphocytes and some 
plasma cells in the peripheral portions. 

After a week or more, the predominant cells 
invading the gelatin sponge were macrophages. 
There was little tendency for the formation of 
foreign body giant cells, such as one sees fre- 
quently in microscopic sections of suture mate- 
rial such as cotton, silk, linen or chromic surgical 


tion became fibrous. In the longer term implants, 
the fibrous tissue appeared to invade the periph- 
ery of the sponge where absorption had occurred 
as a result of the acti\-ity of the macrophages. 

In some of the sections there was evidence of 
the surgical gut suture material which had been 
used to hold the implant in place. The tissue 
response to the gut was invariably more pro- 
nounced than that obser\'ed for the gelatin 
sponge. 



Fig. 4. — Gelatin sponge in liver after t\ventj--three days. The gelatin sponge is separated from the normal-appear- 
ing liver cells by a thin zone of fibrous tissue which merges with and in\-ades the peripheral portion of the sponge. 
The interstices of the sponge are filled with red blood cells in some areas, and there are a moderate number of macro- 
phages tliroughout. Polymorphonuclear leukocytes are scarce. There is some thinning out of the walls of the cav- 
ernous spaces and some collapsing of the walls, indicative of a moderate degree of absorption. 


gut. These macrophages did not form a dense 
mass of cells, such as one sees at the site of ab- 
sorption of chromic surgical gut. but rather a 
more evenly dispersed grouping of cells through- 
out the .interstices of the sponge (figs. 4. 5 
and 6). 

Fibroblast response was usually observed 
within a week, producing a definite encapsula- 
tion of the sponge. Subsequently this encapsula- 


The absorption of the gelatin sponge was 
apparently most rapid in the presence of poly- 
morphonuclear leukocjTes, which appeared to 
produce a liquefaction of the gelatin sponge. In 
some such instances, the absorption had pro- 
gressed almost to completion within twelve days. 
On the other hand, most of the implants showed 
evidence of a slower absorption, which appeared 
to be carried out by macrophages and which 
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are not usually willing to accept it, and it is con- 
traindicated when both hips are involved and 
when the spine is afifected. Cup arthroplast}' may 
offer hope of retaining motion and relieving pain 
in certain cases. 

Bergmann discusses aseptic bone necrosis 
in lesions of the hip. In fractures of the femoral 
neck, the arteries running along the inner lining 
of the capsule and entering the head are de- 
stroyed, leaving onl}' the vessels of the round 
ligament, which are insufficient in most instances 
to keep the head from undergoing necrosis. The 
adjacent living bone of the distal fragment unites 
with the head before it has gone through all tlie 
stages of reorganization. The endosteum of the 
distal fragment is the only source from which 
new bone is laid down, and this is inferior to 
periosteal callus. The pathologic changes of 
Pertlies’ disease (osteochondrosis of the capital 
epiphysis of the femur), congenital disloca- 
tion of tlie hip and caisson disease are discussed 
and illustrated with roentgenograms and photo- 
graphs. [Ed. Note (J. J. F.). — One interested 
in the pathologic changes of aseptic necrosis of 
the head of the femur should read this well illus- 
trated article. In fractures of tlie femoral neck, 
tliere often remains a significant blood supplj' 
from the posterior capsular vessels.] 

Stephens reviews the literature on iliopec- 
tineal bursa and adds 2 cases to the literature. 
The globular mass may be confused with an 
enlarged inguinal node or a femoral hernia. As- 
piration of seromucous fluid will differentiate it 
from tlie former, and pulsation on top of the tu- 
mor will distinguish it from the latter. A psoas 
abscess is more fluctuant. Unilateral chronic dis- 
ease of the hip joint on the involved side suggests 
a possible associated bursitis. The simplest 
method of treatment is aspiration followed by 
administration of sclerosing solutions. If sup- 
puration occurs, incision and packing are ad- 
vocated. 

Pusitz believes that serious gunshot wounds 
of the hip and buttock with much fragmentation 
of the head, seen late, are best treated by resec- 
tion of the femoral head, sulfonamide compounds 
and Orr’s treatment. A reconstruction or arthro- 
desis may be performed subsequent to the control 
of the infection. In cases in which there is much 
destruction of tissue and in which a portion of 

110. Bergmann, E. ; Role of .-Vseptic Bone Necrosis 
in Hip Lesions, .A.m. J. Surg. 63:218-235 (Feb.) 1944. 

111. Stephens, V. R. : Tumor of Iliopectineal Bursa: 
Two Cases, Arch. Surg. 49:9-11 (July) 1944. 

112. Pusitz, M, E.. and Taylor, R. M. : Serious 
! Gunshot Wounds of Hip. J. Kansas Soc. 44:397- 

400 (Dec.) 1943. 


the sciatic nerve is lost, debridement removal of 
bone and, later, disarticulation of tlie hip may 
be indicated. One such case is reported in detail. 

Watson and Berkman state that failure to 
recognize march fractures of the femoral neck 
prompt!)’- may result in serious disability and 
deformity. They report the case of a soldier 34 
3‘ears old who experienced sudden severe pain in 
his hip while hiking and a few days later had 
pain on the inner side of his thigh and knee. 
He continued activity, and one month later roent- 
genograms showed an incomplete fracture with 
shortening and limited motion of the hip. He 
was treated by traction for tivo weeks and then 
used crutches, without weight bearing, for four 
months. 

Harmon and Adams review the end results 
of surgical reconstruction in 53 patients who 
previously had had acute pyogenic arthritis. 
Chronically discharging sinuses responded satis- 
factorily to treatment in 80 per cent of the cases. 
Positional correction of an ankylosed hip, ank)’lo- 
sis of a painful hip and certain plastic procedures 
performed on young persons were found to be 
more satisfactorj’ than arthroplastic procedures. 
Excision of the major part of the ilium in certain 
cases was thought to be of value when this portion 
of the pelvis was affected. Disarticulation of the 
hip joint should receive more consideration in the 
treatment of persistent suppuration of the hip 
joint in adults in the presence of osteomyelitis in 
the upper half of the femur. For young persons 
with unilateral instability of the hip joint the 
shelf operation is the procedure of choice, while 
for adults surgical arthrodesis is performed at 
the level of the acetabulum after the replacement 
of the dislocated hip. [Ed. Note (J. J. F.). — ^This 
article is well illustrated and many data are 
tabulated. Interested persons should refer to 
the original.] 

Milch is of the opinion that the angle of 
abduction is an unsatisfactory guide in perform- 
ing an upper femoral osteotomy, and the post- 
osteotomy angle is suggested instead. This angle 
represents the angle of the neck of the osteoto- 
mized femur and is measured by the line of the 
shaft and the line running from the "upper end 
of the osteotomized shaft to the femoral neck. 

113. Watson, F. C., and Berkman, E. F. : Fatigue 
(ilarch) Fractures of Femoral Neck, J. Bone & Joint 
Surg. 26:404-405 (April) 1944. 

114. Harmon, P. H., and Adams, C. O.: Pyogenic 
Coxitis: IndicaUons for Surgical Treatment in Residual 
and (Tironic Stages and End Results of Reconstruction 
in Fifty-Three Patients, Surg., Gvnec. & Ob=t. 78:497- 
508 (May) 1944. 

115. Mildi, H. : The Postosteotomy Angle, J. Bone 
& Joint Surg. 26:394-400 (.April) 1944. 
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fractionation of human plasma. It is doubtful 
whether this source could ever fdl the needs of 
surgeons except as a special material to he used 
sparing!}’ by a few. 

It is hoped that the gelatin sponge or foam may 
serve the same useful puq>oses as fibrin foam, 
as it can be produced in unlimited amounts from 
materials which are plentiful and cheap. This 
would make available to the entire membership 
of tlie surgical profession a new substance which 
can be of aid in controlling bleeding when 
other methods are not applicable. 


sponge is apparently rapidly absorbed in the 
presence of an acute inflammator}- reaction in 
which there is a dense polymorphonuclear leuko- 
cytic reaction. Foreign bodies of any type gen- 
erally cause trouble in the presence of an acute 
inflammatory process, and it, is of interest to 
know that gelatin sponge will undergo rapid 
“liquidation” in such circumstances. Thus may 
be avoided the development of a draining sinus 
down to the foreign material, which often occurs 
when the foreign substance is resistant to the 
action of leukocytes. On the other hand, if 


Fig. 5. — Gelatin sponge in kidney after twenty-three days. The gelatin sponge has a thin zone of fibrous tissue 
at the peripheral portion, which invades the interstices. This zone of fibrous tissue separates the sponge from the 
kidney parenchjTna, which was incised at this point and appears to have healed in. extruding the sponge from the 
incision. There are red cells in some interstices. Some macrophages have invaded the sponge, which is undergoing 
a moderate degree of absorption. Cellular response in the section is less than that about most foreign bodies such 


as surgical gut, linen or silk. 

Sinclair and Douglas found that the local 
implantation of gelatin into wounds leads to an 
■; accelerated fibroplasia and increased strengtli. 
In the light of tliese findings, it may be that the 
gelatin sponge supplies a substance locally which 
is beneficial to healing of the wound. Another 
point which should be brought out is that gelatin 


there is no excessive leukoc}-tic response to the 
sponge, it becomes incorporated in the tissues 
and gradually absorbed by a relatively mild 
phagoc}'tic cell response. 

The gelatin sponge has been used in 15 clini- 
cal cases in yarious ways to determine its be- 
havior in human tissues. It has been used in 
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the fracture has solidh’ healed. The metal bar 
can then be removed and used again. 

Clement reports a stud)’- of 32 cases of 
march fracture in ^vhich the fracture was oblique 
in all early cases and the second and third meta- 
tarsal bones only were involved; these were 
longer than the first metatarsal bones in all but 
2 cases, and the fracture line appeared on the 
medial surface in 29 cases. The increased length 
of the second and tliird metatarsal bones de- 
ranges the normal tripod structure of the foot, 
and inarch fracture results’ from stress and strain 
as a result of leverage on the bones, muscle pull 
of the lumbricalis and interosseus dorsalis mus- 
cles, which become spastic from irritation in- 
duced by marching. 

Bosshardt states that the high incidence of 
march fracture in German and Swiss armies is 
due to rigid cadence of marching. There is a 
definite difference between the occurrence in 
these two armies and that in the Frencli army, 
which has an easy marching r^thm. American 
soldiers generally have led sedentary lives and 
have poor muscle tone and are therefore liable 
to have march fracture. The author believes 
that the fracture is primary and is related to a 
preexisting static disturbance of the foot, on 
which rhythmically repeated subthreshold me- 
chanical insults have been acting. The treatment 
consists in rest and in physical therapy which 
incorporates exercises especially for dorsal and 
plantar flexion at the metatarsophalangeal Joints. 

Salmon’s report is based on 5 cases of 
march fracture. He relates that the absence 
of a history of direct trauma is responsible for 
some missed diagnoses. The characteristic ap- 
pearances of the bone changes in the roentgeno- 
grams are described. Immobilization and rest 
are the suggested therapeutic measures. 

Hullinger and Tyler report 313 cases of 
march fracture in recruits undergoing training. 
The series includes a small number of cases of 
stress fractures in bones other than the meta- 
tarsals. It is believed that in 100 additional 
cases there were early march fractures which 
were completed by a definite trauma, but these 
cases have not been included in the series. A 

130. Clement, B. L. ; March Fracture: A Common 
Disability of the Foot, J. Bone & Joint Surg. 26:148- 
ISO (Jan.) 1944. 

131. Bosshardt, C. E. : March Fracture: A Common 
Disability of the Foot in Militarr- Practice, Arch. Phys. 
Therapy' 25: 41-44 (Jan.) 1944. ' 

132. Salmon, J. K. : March Fracture, J. Roy. Nav. 
M. Sery. 30:1-5 (Jan.) 1944. 

133. Hullinger, C. W., and Tyler, )V. L. : March 
Fracture : Report of Three Hundred and Thirteen Cases 
Bull. U. S. .'\rmy if. Dept., September 1944, no. SO, 
pp. 72-80. 


detailed statistical analysis is made of the pos- 
sible relationship of age, weight and other fac- 
tors to the causation of the condition. The most 
interesting conclusion is that there is no pre- 
disposition to march fracture by any anatomic 
defect or variation, either acquired or congenital. 
The roentgenograms in the present series have 
been compared with three hundred roentgeno- 
grams of feet chosen at random. Measurements 
were taken of metatarsal length, width and spac- 
ing ; position and conformit)’- of sesamoid bones ; 
length and width of feet, and general formation 
of foot. “There was no essential difference in 
the average of measurements in the two groups.” 

The general conclusion is that march frac- 
tures are brought about by trauma in the form 
of repeated subthreshold insults to the bone 
caused by walking. The determining factor is 
essentially a physiologic weakness secondar)- to 
fatigue. The incidence of march fractures is 
directly related to the severity of the training 
program. A new training order increasing the 
load carried by a man and the amount of exercise 
taken immediately resulted in a sharp .increase 
in the number of patients with march fractures 
admitted to the hospital. The authors favor 
treatment by immobilization in a light walking 
plaster cast. They believe that if the bone is 
not protected from strain in this way callus will 
be excessive and recovery delayed. With treat- . 
ment as outlined, all but 2 of the subjects re- 
turned to the full rigorous training program 
in an average of thirty-three days from the time 
of diagnosis. 

[Ed. Note. — The incidence of march fracture 
has increased because of the war so that it domi- 
nates the literature on the foot. The various 
reports seem to be in accord with regard to 
the histor)% S)-mptoms and findings. There is 
some variation with regard to causation, but 
most authors feel that the change in the bone 
is a matter of strain and that there is an im- 
balance between the capacity of the bony struc- 
ture and the demand made on these structures. 
The result is a disturbance which leads to the 
hypertrophic changes and the actual fracture. 
The treatment varies somewhat, although the 
consensus seems to be that more protection is 
needed, particularly in the acute phase. The 
rehabilitation of the foot to gain maximum ca- 
pacity, so that the patient can carr)- out the 
duties of a soldier as soon as possible, is also 
stressed. This can be accomplished by means of 
walking casts or by means of a new derice, a 
longitudinal steel bar in the shoe. This seems 
to fulfil the prerequisites of protection of the 
metatarsal bone and early resumption of actirity.] 
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this hemostatic suhstaiice. Bleeding from tooth 
sockets can he controlled hy gelatin sponge. 

The most hopeful use for the gelatin sponge 
might be as a first aid measure in militant- com- 
bat to pack into bleeding wounds when facilities 
are not available for the immediate treatment of 
the wounds. The use of a penicillin solution to 
moisten the sponge may have sufficient merit 
that it will be possible to control bleeding as well 
as infection until the patient is evacuated to a 
point where facilities permit more adequate care. 

There is one point about gelatin sponge which 
must be considered, the fact that gelatin per se is 
an e.xtremely good culture medium for bacteria 
and the introduction into contaminated wounds 
of a substance which would aid the growth of 
bacteria would not be without its limitations. It 
must be considered also that it is desirable to 
avoid or minimize the use of foreign material in 
a wound if possible. However, if one has the 
possibility of a troublesome hematoma to con- 
sider, there is justification for utilizing a sub- 
stance which appears to present fewer hazards 
to the healing of the wound than a large Iiema- 
toma. 


SUM M. ARY 

1. Gelatin sponge or foam was found to be a 
relatively bland substance which usuall}’ under- 
goes absorption by the phagocytic action of 
macrophages over a period of about five weeks. 

2. The presence of a conspicuous number of 
polymorphonuclear leukoc\-tes would generally 
lead to rapid absorption of the sponge within a 
few daA's to a week, by a liquefaction process. 

3. The magnitude of the tissue reaction to the 
gelatin sponge during the period of absorption 
was generally less than that obsen-ed for surgical 
gut. 

4. Gelatin sponge has a definite hemostatic 
action per se when applied to bleeding surfaces 
with moderate pressure. 

CON'CLUSION'S 

Gelatin sponge or foam appears to have prop- 
erties which make it suitable as an absorbable 
hemostatic substance and deser\-es clinical trial 
in the varied fields of surgery to furtlier evaluate 
its merits and limitations. 
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toot in full dorsiflexion. A cast was worn two 
weeks, and roentgen ray check-up showed a 
normal left ankle. On this day the cast was 
removed and weight bearing allowed. In four 
days the swelling was no longer present, and 
good motion of the joint was present without 
pShi or stiffness. The patient was discharged 
vjTfull duty in approximately four weeks after 
tats injury. 

Braun expresses great satisfaction in the 
•^isults he obtained by consen-ative therapj’ for 
bilateral acquired pes cavus deformities of severe 
degree in a 24 3'ear old seaman. The treatment 
consisted in manual stretching of the contrac- 
tures, restoration of the articular function by 
manipulation, fulcral. felt blockings and stra]>- 
pings, physical therapy and an appliance to 
establish proper balance of the feet with weight 
bearing. He states that this case demonstrates 
what success can be obtained b}’ an intelligent 
approach to this condition. 

Boyd reports 4 additional cases of talon- 
avicular sj’nostosis, the patients being a white 
girl of 10 years, a white boy of 10 years, the 
boy’s father aged 45 and the boy’s grandmother 
aged 72. The relationships of the last 3 patients 
suggest a hereditary- nature of the condition. 

Cohen reports an additional case (20 pre- 
vious cases have been reported in the literature*) 
of osteochondritis dissecans of the astragalus. 
An operation t^vo weeks after the trauma af- 
forded an opportunity to note capsular damage 
(ecchymosis) which may account for this lesion. 
Necrosis was rapid and probably' occurred, im- 
mediately after the vascular damage or, at most, 
within several weeks. A description of the ob- 
ser\'ations at operation for the removal of the 
osteochondritic body, the microscopic pathologic 
clianges and the differential diagnostic points 
between an osteochondritic body and a post- 
traumatic osteochondral fracture are presented. 

Croce and Carpenter state that tearing of 
the plantaris tendon or tennis leg occurs most 
frequently' in middle-aged persons. The syn- 
drome does not cause much disability' and has 
not been widely investigated. The immediate 
cause of this syndrome and the end result are 
not definitely known. The authors present a 
case history which is unusual for three reasons : 
1. The cause was direct trauma. 2. The tear 

149. Braun, G. S. : Bilateral Pes Ca\-us : A Case 
Report, U. S. Nav. M. Bull. 43:346-348 (Aug.) 1944. 

150. Boyd, B. H. : Congenital Talonavicular Sraos- 
tosis, J. Bone & Joint Surg. 26:682-686 (Oct.) 1944. 

151. Cohen, H. H. : Osteochondritis Dissecans of the 
.Astragalus, Bull. Hosp. Joint Dis. 4:86-91 (Oct.) 1943. 

152. Croce, E. J., and (Carpenter, G. K. : Rupture of 
the Plantaris Muscle, J. Bone & Joint Surg. 26:818-820 
(Oct.) 1944. 


occurred near the origin of the muscle belly. 
3. The injury resulted in a degenerative tumor 
of the muscle. It would seem that the plantaris 
tendon was torn from its origin along the linea 
aspera and probably deprived of its blood supply 
and a degenerative reaction of the belly- of the 
muscle resulted. 

Bickel and ^loe have described an opera- 
tive procedure for the relief of paralytic cal- 
caneal deformity of the foot resulting from polio- 
myelitis in 13 patients. The method consists 
in translocating the peroneus longus tendon by- 
sliding it intact around the lateral border of the 
heel into a groove in the midline of the os calcis 
in an attempt to improve on the results obtained 
when the peroneal tendon is cut and trans- 
planted into the tendo Achillis. They' concluded 
that the best results were obtained when the 
operation was done on patients who had slight 
remaining power in the gastrocnemius muscles 
and fair or better power in the transposed per- 
oneal muscle. It was their opinion that the 
results were strikingly- better than if the peroneal 
tendon had been cut and then transplanted into 
the tendo Achillis. 

A case of hereditary- malformations of the 
hands and feet has been traced through four 
generations by- Stiles and Pickard.^^^ The de- 
fects in the extremities ranged from gross split- 
ting of the hand or the foot to slight abnormali- 
ties of the digitis. An inspection of the pedigree 
reveals that the trait may- be inherited as a single 
dominant. Modifying genes, environmental fac- 
tors or a combination of both may- be responsible 
for the extreme polymorphism of the character. 

Experimental fractures in rabbits were treated 
by Blum with phosphatase and calcium gly- 
cerophosphate with and without an anchoring 
medium (an alginate gel) employ-ed to prevent 
the too rapid diffusion of the introduced enzy-me 
from the region of the bone gap. Enzyme and 
substrate were either injected into the gel, which 
had been pressed into the bone gap, or were 
injected into the bone gap, in which the gel 
was subsequently formed in situ. Progress of 
repair of the bone was followed by' roentgeno- 
grams and by- histologic examination. The 
treated fractures showed acceleration of repair 
as compared with untreated controls. 

153. Bickel, tV. H., and Atoe, J. H. : Translocation of 
the Peroneus Longus Tendon for Paralrtic Calcaneus 
Deformitj- of the Foot, Surg., Gi-nec. & Obst. 78:627- 
630 (June) 1944. 

154. Stiles. K. -A., and Pickard. I. S. : Hereditarj- 
Malformations of the Hands and Feet, J. Hered. 34: 
341-344 (Xov.) 1943. 

155. Blum, G. : Phosphatase and the Repair of Frac- 
tures. Lancet 2:75-78 (July 13) 1944. 
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epidermal changes were “nutritional and non- 
malignant.'’ resulting from filling of the corium 
and subcutaneous tissue lymphatics with cancer 
ceils originating in the deeper ducts or acini. 

In 1900 Darier ■* considered the characteristic 
Paget changes as due to “dyskeratosis.” This 
view has since found a considerable following. 
According to Darier, dyskeratosis consists in 
developmental segregation in the epidermis of 
a number of malpighian cells, which subsequently 
develop in an abnormal manner, independent of 
their fellows. In this group of dyskeratoses he 
included Bowen's disease, dyskeratosis follicu- 
laris, Paget’s disease and molluscum contagiosum. 

Jacobaeus “ in 1904 originated the view that 
the so-called Paget cell is from the first a malig- 
nant cell and that it represents an extension into 
the epidermis from underlying glandular car- 
cinoma. Cheatle in 1923 and in 1930 con- 
cluded that changes in the epidermis might result 
from carcinoma originating in different foci and 
that the origin must be determined separately 
in each case. 

In 1927 Sir Robert Muir further elaborated 
the view of Jacobaeus. Through his studies i\Iuir 
was able to demonstrate that in his material 
“Paget’s disease” was consistently associated with 
changes in the ducts. These changes varied from 
hvperplasia to intraductal types of carcinoma. 
He defined a “Paget cell” as a mammar}’ cancer 
cell growing within a non-neoplastic epidermis. 

CLIXIC.AL CH.\R.\CTERISTICS 

What has been called “Paget’s disease of the 
breast" begins as an intractable eczema of the 
nipple or areola (fig. 1). The patient’s first 
recollection of the onset is an often recurring 
pruritis of the skin in this region. Again, the 
first symptom may be a simple crust associated 
with weeping or even bleeding of a minor char- 
acter when it is removed. In some instances 
the first bleeding is noted to come from the 
summit of tlie nipple, though this may not cor- 
respond with the center of the cutaneous lesion. 
In any event the cutaneous lesion fails to respond 
to treatment with simple ointments or protection 
from irritating clothing and often alternates for 
long periods betrveen weeping and drv-ing with 
crust formation. 

9. Jacobaeus, H. C. : Paget’s Disease und sein Ver- 
haltniss zum Alilchdrusenkarzinom, Virchows -'\rch. f. 
path. Anat. 178:124, 1904. 

10. Oieatle, G. L., and Cutler, M. : Tumors of the 
Breast, Philadelphia, J. B. Lippincott Company, 1930. 

11. Muir, R. : Paget’s Disease of the Xipple and Its 
Relationships, J. Path. & Bact. 30:431^71 (.\pril) 
1927. 


The ages of the patients studied in this series 
varied, but all patients were past 30. There 
was no decade which had a preponderance of 
the cases, though 22 of the 29 patients were 

Table 1. — Age Distribution of Patients 


Acc Periods, Yr.* N’amber of Cases 

31 to 40 3 

41 to 7 

51 to CO S 

Cl to 70 7 


* The younpo^t patient was 31 years, 
t The oldest patient was 7S years. 

between 40 and 70 years when first seen. The 
duration of the cutaneous lesion before the pa- 
tient consulted a physician varied within broad 
limits (table 2), but the preponderance of the 

Table 2. — Duration of Cutaneous Lesion 


Cases, yo. 


Less than one month 3 

One month to one year 12 

One year to two years C 

Two years to three years 3 

Three years to four year? 2 

Forty years 1 

Thirty-five years I 

Unknown duration 1 


patients here obser\-ed had noted a lesion on 
the skin for from one to three years .preHously. 
Three of the patients had noted a cutaneous 
manifestation for two weeks, thirty-five years 
and fortj- years respectively. The cutaneous 
lesion when ulcerated is usually bright red and 
inflamed, with a velvetj- surface of fine granular 
material. This may be small, or it may be ex- 
tensive, with complete destruction of the nipple 
and involvement of the entire areola and con- 
tiguous cutaneous surface. 

The patients in some instances complain also 
of a lump in the breast, though frequently one 

T.aele 3. — ^^ass Palpable in Breast Affected 


Cases, Cases, 

Xo. Tc 


Yes 17 50 

No 12 41 


may be discovered which has escaped the notice 
of the patient. In this series 17 patients (59 per 
cent) presented a demonstrable breast mass while 
12 (41 per cent) had no grossly eHdent mass 
(table 3). Qinicalh', any eczema of the breast 
should arouse suspicion, and any such lesion 
which does not completely respond in a period 
of two weeks to conseiwative therapy with a 
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the body and the tail of the pancreas develop. 
Diverse views are still entertained concerning 
the duplicit}' of the ventral anlage, which arises 
in close proximit}’ to the common duct. Some 
maintain tliat the bud is single, while others 



Fig. 1. — Pancreas of a human embryo: A, fifth week; 
h seventh week. 


rounded b}- pancreatic tissue; pancreatic tissue » 
ma}' occur even in the wall of the duct itself. 

This relation of the exact point of origin of 
the persisting ventral bud to the common duct ; 

determines tlie final relation of the main pan- j 

creatic duct to the common duct. If the pan- 
creatic anlage has gro^vn out from the wall of ( 
the common duct itself, the final pancreatic duct 1 
will open into the ampulla of the common duct. ; 
If the pancreatic anlage has grown out from 
the wall of the common duct itself, the final 
pancreatic duct will open into the ampulla of ; 
tlie common duct. If the pancreatic anlage has | 
grown out from the wall of the gut in close 
proximity' to the common duct, the openings of 
the two ducts will be in close proximity, yet the 



• Fig. 2. — A, the most constant arrangement of the pancreatic ducts; B, specimen with three papillae; C, dis- 
i. ted specimen of an adult pancreas shoiving an embryonic tj-pe of duct system in which the accessory duct 
lies most of the pancreatic secretion; D, dissected specimen of an adult pancreas showing an unusual loop 
1; ifiguration of the main pancreatic duct. 
y.. 


r;i- )ld that at the beginning it consists of tivo 
.teral halves which subsequently fuse or one 
^ f W'hich disappears, perhaps forming the source 
’’.C if aberrant pancreatic tissue often found along 
> he wall of the gut. As development progresses, 
die ducts unite, as shown in figure 1 B, the 
duct of the dorsal anlage undergoing a certain 
degree of atrophy' at its duodenal end to pro- 
■f' duce the adult arrangement, shoyvn in figure 2A. 

The close relationship betyveen this portion of 
jir the pancreas and tlie common duct is therebj' 
explained. Depending on the eccentricities of 
development, tlie relationship yvill y’ary- some- 
yvhat: the common duct may be entirely sur- 


pancreatic duct may really open into the intes- 
tine and not into the ampulla at all. 

The facts seem to be these; Both buds de- 
velop b}' groyvth in continuitj', the dorsal bud 
giving origin to all of the gland except that por- 
tion of the head in close proximity to the com- 
mon duct and the intestinal wall. The persisting 
ventral bud grows out but a little yvay and then 
fuses yvith the dorsal bud, giving origin to but 
a small part of the glandular tissue of the caudal 
part of the head of the pancreas. In the majority 
of cases the duct s}'stem of this ventral anlage 
becomes the more important duct system from 
the point of fusion of the two anlages to the 
yvall of the gut (fig. IS). 


i 

I 


COSniLLO-CAKCER AND PA GETS DISEASE OF BREAST" 


265 



Fig. 2. — A view of the epidermis from a case such as that seen under lower magnification in figure 1 
(“Paget’s disease”). Here one sees the intraepidermal malignant cells dispersed singly and in bizarre clusters 
among the epidermal cells. Note that the neoplastic cells (“Paget cells”) are generally large and have clear 
csdoplasm and pyknotic nuclei, and in no instance can be demonstrated intercellular bridges between the abnor- 
mal cells and the epidermal cells. The latter characteristic is in favor of the theorj- that the abnormal cells do 
not arise in the epidermis. Note also, in this regard, that the contiguous epidermal cells are displaced and com- 
pressed by the growth of the neoplastic cells (X -100). 
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chiefter"® on human fetuses and still later by 
’■aldwin,-® who made microscopic preparations 
of tlie terminal part of the accessory duct and the 
uiinor papilla. 

The average diameter of the undistended duct 
in the 85 specimens with a normal duct arrange- 
ment at its point of perforation of the duodenal 
wall was 1.6 mm. The size of tlie duct, how- 
ever, was no criterion of its patency, for only 
62, about 73 per cent, were found to be patent 
by use of the injection method, whereby either 
air or dyes or both were injected under minimal 
pressure in order to avoid breaking through any 
natural barrier which might have been present. 
This gives, then, 23 specimens, about 27 per cent, 
which did not communicate with the duodenum. 
This is considerably higher than Helly’s 20 per 
cent"* and Baldwin’s 10 per cent of 50 speci- 
mens,-® in both groups of which tlie terminal 
part of the accessory duct was examined micro- 
scopicalh'. These results, however, are in accord 
with those obtained bj' use of the injection tech- 
nic (see table 2). 

Table 2. — Patency of the Accessory Duct 


Injection Method 


• 

Patent 

Closed 



19 

Oharpr 

9 

21 



21 


20 

0 


16 

1 



23 
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55 

Percent 


24 


In the 4 instances in which the duct system 
was reversed and the 11 instances in which 
no intraglandular communication of the ducts 
could be demonstrated, the accessorj" duct ap- 
proached the duodenum with increasing caliber 
and with a patent papilla, leai-ing 23 per cent 
of all specimens in which the papilla was closed, 
regardless of the duct arrangement. Of practical 
interest, however, is the fact that in 11 per cent 
the ducts did not communicate and in 23 per cent 
the papilla was closed, making a total of 34 per 
cent in which fluid could not pass from the main 
duct to the duodenum by way of the accessory- 
duct. 

Complete absence of the accessor}^ duct seems 
to be a rare anomal}-, since it occurs in less than 
_1 per cent of specimens examined (table 3). In- 
version of the ducts occurs in about 7 per cent 
(table 4). 

28. Schieffer, J. : Du pancreas dans la serie animale. 
Thesis, Montpellier, 1884. 


REL.ATIOX OF THE .AMPULLA OF VATER 
TO P.AXCREATITIS 

Becourt,-® Bernard ' and Laguesse each 
mentioned 1 specimen in which the main pan- 
creatic duct opened into the duodenum apart 
from the orifice of the bile duct. Schirmer ® 
found 22 specimens, about '47 per cent, among 
47 investigated in which a mucosal septum sepa- 
rated the orifice in such a manner that a true 
ampulla did not exist. Practically all textbooks 
of anatomy -* describe the ducts as usually unit- 
ing to form a common channel at their duodenal 
extremities. Sappey°® stated that this arrange- 
ment is the one which is observ'ed in the great 


Table 3. — The Accessory Duct 


Schirmer 

Present 

101 

Absent 

Chorpr 

29 

1 

Helly 

50 

0 

Vcmeuil 

20 

0 

Santorini 

? 

0 

Bernard 

0 

0 

Hamburger 


0 

Sappey 

17 

0 

Opie 

ICO 

0 

Baldwin 

76 

0 

RIenhofl and PickrcU 

100 

0 

Total 


4 

Per cent 


0.737 


T.able 4. — Inversion 

of Ducts 



Specimens 

Inversion 


Examined 

of IXicts 

Schirmer 

104 

4 

Cbarpy 

SO 

3 

Bernard 

? 

1 


? 


Opie 

ICO 

U 

Bimar. 

? 

1 

iloyse. 

9 

1 


76 


Bienhoff and Pickrell 

ICO 

4 

Total 

410 

29 

Per cent 


6.61 


majoritj- of cases. One of few exceptions to 
this -view is found in the frequently cited work 
of Letulle and Nattan-Larrier,^®“ who found that 
a common channel occurred in only 8, about 
38 per cent, of 21 specimens. 

Schirmer ® mentioned 1 1 specimens in his 
series of 47 in which the pancreatic duct opened 
into the bile duct and 14 specimens in the same 
series in which the bile duct opened into the 
pancreatic duct. Vemeuil®’- seemed to believe 

29. B&ourt, P. J. G. : Recherches sur le pancreas, 
Strasbourgh, F. G. Levrault, 1830. 

30. Laguesse, E. : Sur I’existence de nouveaux bour- 
geons pancreatiques accessoires tardifs, CoinpL rend. 
Soc. de biol. 2:602, 1895. 

31. Vemeuil, A.: Memoire sur quelques points de 
I’anatoraie du pancreas, Gaz. med. de Paris 6:384 and 
398, 1851 : reprint ed., Paris, E. Thunot Sc Cie, 1851. 
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lastic cell, the so-called Paget cell. This cell degeneration (fig. 2). Characteristically, this 
aries in size and other characteristics. Just as neoplastic cell is surrounded by a clear space, 
ny neoplastic cell might in any other locus. It and in no instance are intercellular bridges found 
s usually round or ovoid. Its nucleus is hyper- to exist between it and the prickle cells. This 
hromatic. and mitotic figures are occasionally picture must be differentiated from (1) Bowen’s 



Fig. 4. — Bowen’s disease of the skin. Here, again, tlie characteristic feature of the microscopic picture is 
tlie presence in the epidermis of abnormal cells. The Bowen cells, though large, have much intracellular edema 
and eccentrically located nuclei. Multinucleated cells are common and are spoken of as “basket cells.” Hj'per- 
keratosis as seen here is a frequent accompaniment of this lesion, while it is absent in intraepidermal mestas- 
tasis (“Paget’s disease”) (X 140). 


seen (fig. 3). The cells may occur singly or disease. (2) superficial epitheliomatosis, (3) sitn- 
in bizarre clusters. The adjacent epidermal cells pie eczema of the nipple and (4) squamous cell 
are often distorted by compression or hydropic carcinoma of the breast. 
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I ■ the majority of instances, then, a calculus must 
be 4 mm. in diameter before it can cause obstruc- 
tion, if one assumes that it is approximately 
spherical. This, however, seems the exception 
rather than the rule, since irregularly shaped 
calculi are encountered more frequently tlian 
spherical ones. This leaves, then, 47 specimens, 
about IS per cent, in which tlie length of the 
ampulla exceeded the average diameter of the 
duodenal orifice and in which a complete block 
at the papilla by an impacted calculus would con- 
vert the ducts into a communicating s)-stem. 
This reasoning, however, is open to several 
serious objections. In the first place, conclu- 
sions formulated from measurements taken be- 
tween poorly defined points, of differences of 
1 mm. or less, seem decidedly inaccurate, since 
average measurements may never actually occur 
in a single instance. Tn the second place, the 
obstructing calculus was spherical, when irreg- 
ularly shaped calculi are encountered more fre- 
quently, and, as suggested by Cameron and 
Noble,^= a considerable part of an irregularly 
shaped calculus may project through the orifice 
of tlie ampulla into the duodenum, while its 
length may exceed that of tlie ampulla, and yet 
a reflux would be possible. It is true, also, that 
the greatest diameter of an impacted calculus 
may equal the long diameter of the ampulla in 
which it is wholly contained, with a communi- 
cation existing between the ducts owing to the 
failure of the irregularly shaped calculus to com- 
pletely fill the ampulla, which itself may be 
dilated. 

Although it is a matter of definition as to 
whether an ampulla actual!}' exists in those in- 
stances in which the septum extends within 
2 mm. of the apex of the papilla, in table 6, in 

Table 6. — The Ampulla oj T' atcr 

Bucts Join to Specimens 

Form Ampulla No Junction Examined 

? 1 ? 

? 1 ? 

? 1 ? 

25 22 47 

S 13 21 

50 11 100 

32 11 43 

£6 34 90 

S 42 50 

40 ICO 200 

74 20 100 

51 160 250 


Total 413 401 901 

Percent 4G 53 


Becourt 

Bemarf 

Lagucsse 

Schiimer 

Letullc. 

Opie 

Ruge 

Baldwin 

Bclou 

Mann and Giordano 

Cameron and Noble 

Rienhoff and Pickrell — 


which the measurements are given a true am- 
pulla was not considered present in the speci- 
mens. From the figures in table 6, we see that 


an ampulla is present in about 46 per cent, had 
the measurements been included in each investi- 
gator’s ' report. For example, Cameron and 
Noble made no mention of the ampullae less than 
5 mm., while in Opie’s series of 100 specimens, 
in only 30 did this measurement equal or exceed 
5 mm. Oser found only 32 of 100 specimens 
in which the diverticulum was of such size that 
a small calculus might occlude the orifice with- 
out completel}’’ filling it and thus obstruct both 
ducts. Our findings and the correlation of the 
greater part of the work done on this particular 
phase of the problem to the present time lead 
us to believe that the main pancreatic duct enters 
the duodenum apart from the common bile duct 
in 25 to 30 per cent of all cases and that a true 
ampulla is present in on]y 30 to 40 per cent. 

THE REL.\TIOX OF THE SPHINCTER OF 
ODDI TO PANCREATITIS 

Although GHsson expressed the opinion that 
a sphincter existed at the end of the common 
bile duct, it was first described bj- Gage,^® who 
studied the sphincter in the cat and found sphinc- 
ters around the pancreatic and common bile ducts 
and one group of muscle fibers passing around 
both ducts. OdchV' employing many species of 
animals, made an extensive comparative ana- 
tomic and physiologic study of the sphincter; 
but, aside from assigning a spedal sphincter to 
the duct of A\^irsung, he did not study especially 
the relation of the sphincter of the common bile 
duct to the pancreatic duct. Somewhat later, 
Hendrickson studied the sphincter in man, in 
the dog and in the rabbit. His specimens show 
muscle fibers surrounding both the common bile 
and the pancreatic duct. 

In the absence of a stone in the ampulla of 
Vater, it has been suggested that in the instances 
in which both the bile and pancreatic duct open 
toghether in the ampulla, a flow of bile from the 
common duct might be diverted into the pan- 
creatic duct during life by spasm of the sphincter 
of Oddi. 

The possible importance of the sphincter at 
the duodenal end of the common bile duct was 

45. GHsson, quoted bi" Oddi.'*'® 

46. Gage, S. H. : The Ampulla of t'ater and the 
Pancreatic Ducts in the Domestic Cat, Am. Quart, ificr. 

J. 1:123 and 169, 187S-1S79 (pi. xii-xiv). 

47. Oddi, R.: (a) D’tme disposition a sphincter 

speciale de I’ouverture du canal choledoque. Arch. ital. 
de biol. 8:317, 1887; (b) Sulla tonicita dello sfintere 
del coledoco, Arch, per le sc. med. 12:333, 1888. 

48. Hendrickson, W. F. : A Study of the Muscu- 
lature of the Entire Extrahepatic Biliarj- System, Bull. 
Johns Hopkins Hosp. 9:221, 189S. 
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le hemorrhage is the result of a rasomotor 
Cex : others believe that it results from venous 
mombosis, and still others believe that it results 
>m the erosion of tiie blood vessels by the 
■^ncreatic trypsin. Rich and Duff - found tliat 
.le specific vascular lesion causing the hemor- 
hdge was located especially in the media of the 
•essel, vhere the muscle fibers are swollen, their 
luclei pyknotic and often separated b}’ fluid 
paces. The adventitia may appear condensed 
<■ d pink staining and contain poh^orphonu- 
lear leukocytes. The internal elastic membrane 
uecomes frayed, loses its undulations and takes 
on a swollen appearance. The first alterations 
of the media are found in its outer layers, the 
muscle fibers of which become necrotic while 
those near the intima remain intact. But the 
process is apparently a rapid one and proceeds 
rapidly to involve the entire thickness of the 
vessel wall, witli final destruction of the intima. 
Destruction of a segment of the vessel wall was 
found most frequently in the larger arteries, 
while destruction of the whole circumference was 
the rule in the smaller vessels. The lesion is 
quite indistinguishable from that characteristic 
of the familiar arteriolonecrosis and hyaline ar- 
teriolosclerosis occurring in man in association 
with hypertension and in arteriolosclerotic 
nephritis. 

SUMM.-^RY 

The historical aspects concerning the anatomy 
of the pancreas have been reiterated. The em- 
bryolog}' of the pancreatic systems has been 
reviewed. The etiologic factors of pancreatitis 
have been discussed. 

The anomalies and their results encountered 
in 250 dissections of the pancreatic systems are 
tabulated and discussed with their clinical sig- 
nificance. In 73 instances, about 24 per cent, 
there could be found no jimction of the pancreatic 
and bile ducts, each entering the duodenum with 


separate orifices. In 92 instances, 37 per cent, 
the ducts were contiguous, the dhdding septum 
terminating 1 to 2 mm. from the apex of their 
common orifice. In this group, however, a true 
ampulla was not considered present. In 81 
instances, 32 per cent, a true ampulla was 
present, varjdng in length from 3 to 14 mm., 
while in 4 instances, 2 per cent, the main pan- 
creatic duct was reduced to a fibrous cord. 

In 47 instances, 18 per cent, the length of the 
ampulla exceeded the average diameter of the 
duodenal orifice, and a complete block at the 
papilla would convert the tivo ducts into a com- 
municating sj-stem. 

The average diameter of the duodenal papilla 
was 3 mm., with limits of 1.5 and 4.5 mm. 

Concerning the accessor}- pancreatic duct, in 
only 89 of 100 specimens studied for this pur- 
pose could any intraglandular communication 
between the ducts be demonstrated. In 4 in- 
stances, the embr}-onic duct system was present — 
i. e., the accessorj- duct carried the greater part 
of the secretion — while the main duct was re- 
duced to a fibrous cord, lea\-ing 85 specimens 
with a normal duct arrangement. In only 62 
of these, 73 per cent, was the duct found to be 
patent, or there were 23 instances in which the 
accessor}- duct did not communicate with the 
duodenum, regardless of the duct arrangement, 
making a total of 34 per cent in which fluid 
could not pass from the main pancreatic duct 
to the duodenum by way of the accessor}- duct. 
The average diameter of the undistended duct 
at its point of peroforation of the duodenum was 
1.6 mm. 

The anatomic position and arrangement of the 
sphincter of Oddi and the conditions modifving 
its resistance are discussed, and the current 
theories postulated regarding the necrosis and 
hemorrhage which occur are briefly discussed. 
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once to a little more than twice or even two and 
a half times the diameter of tlie red cells which 
pass through them. The red cells usually pass 
in single file or, at most, a double row. When 
a capillary contracts or is compressed to just a 
little less tlian the diameter of the contained 
red cells, the red cells rub on the inner surface 
of the endothelium and thus resist passage, and 
tlie flow through that vessel soon stops (see 
Krogh,“ page 11. and Knisely^^). Most true 
capillaries can dilate without losing tonus, weak- 
ening and sacculating to a little more, but usually 
not much more, than two or two and a half 
times the diameter of the contained red cells 
(Krogh,” p. 335, and Knisely, Stratman- 
Thomas, Eliot and Bloch®). The arterioles of 
most of tlie organs in frogs and mammals which 
we have studied are long, narrow, tapering cones. 
During tlie flow of blood tlirough them, their 
outlet tips varj- either anatomically or function- 
ally from a little wider to a little narrower than 
the capillaries or sinusoids tliey join and supply. 
These statements are true of the arterioles and 
capillaries of the bulbar conjunctiva of human 
beings and almost certainly true of the arterioles 
and capillaries of many other human organs 
during life. Arteriovenous anastomoses have 
thus far been found in but a few organs of any 
one species. The arteriovenous anastomoses 
which have been found are often closed and 
when open are frequently but two or three times 
the diameter of the red cells passing through 
them (see the reviews by E. R. Qark*® and 
Boyd . These are key points for understanding 
some of the pathologic processes initiated by 
intravascular agglutination of the blood, for they 
show that most of the time, under most condi- 
tions, nearly all tlie circulating blood must pass 
through vessels having an internal diameter from 
about once to twice or at most three times that 
of the red cells on every trip from the left side 
of the heart through the circulator)" system and 
return. Thus, as is well knomi but not always 
remembered, the arterioles and capillaries are a 
perpetual “bottleneck” in the vascular system. 

C. Some Changes in- the Blood and Vessel 
Walls During Stage III of F. knowlesi Ma- 
laria . — At the beginning of stage III of the 
pathologic circulator)' physiolog)" of rhesus 
monkeys with P. knowlesi malaria, a thick, 
glassy precipitate forms between and around all 
the blood cells of the animal. In tliis malaria, this 

15. Clark, E. R. : Arterio-Venous Anastomoses, 
Physiol. Rev. 18: 229 (.'\pril) 1938. 

16. Boyd, J. D. : Arterio-Venous Anastomoses, Lon- 
don Hosp. Gaz. (Clin. Supp.) 42 :i (July) 1939. 


precipitate forms tliroughout all of the animal’s 
circulatory system at one time. The process 
acts as though it were autocatal)"tic ; once it 
starts, it usually goes on to completion in from 
ten to about trventy minutes. This precipitate 
binds the animal’s red cells together in wads 
and masses {not rouleaux), which by micro- 
scopic standards are large, semirigid and tough, 
and thereby rapidly changes all the animal’s 
circulating blood into a thick, mucklike sludge. 

As soon as the blood has changed to this 
thick, pasty sludge, a definite sequence of events 
takes place. Three major steps are as follows : 

1. This sludge resists its own passage through 
small vessels much more than does normally fluid 
blood; consequently, the rate of flow through 
small vessels all over the body becomes progres- 
sively slower than the normal rates for each 
degree of dilatation of each vessel. This in- 
creased resistance to flow and consequent re- 
duced rates of flow through the capillar)' beds 
slowly, progressively and inescapably leads to 
various degrees of stagnant anoxia all over the 
body. 

2. There is a time interr-al of variable length 
during which (a) the reduced rates of flow 
are unmistakable and (b) there is still no visible 
hemoconcentration of the sludge passing through 
peripheral vascular beds. During this period, 
the flow through each small vessel is slower than 
the normal rate for whatever degree it is dilated 
but the vessels have not yet begun to leak per- 
ceptibly (see the scenes following titles 29. 30 
and 31 in the Knowlesi Malaria film*). After 
the sludged blood has been flowing too slowly for 
a time, the walls of postcapillar)' venules and 
■small venules lose their ability to retain blood 
colloids. Anoxia of the endothelium is alone 
sufficient to cause this (see Starr Starling^®; 
Landis^®; Krogh,“ pp. 321, 326 and 335; 
Maurer ; Warren and Drinker ; Drinker,-- 

17. Starr, I., Jr.: Production of Albuminuria by 
Renal Vasoconstriction in Animals and :Man. J. E.xper. 
Med. 43: 31 (Jan.) 1926. 

18. Starling, E. H. : Prindples of Human Physiology, 
ed. 4, Philadelphia, Lea & Febiger, 1926, p. 854. 

19. Landis, E. M. : Micro-Injection Studies of Capil- 
lary Permeability: III. The Effect of Lack of Oxygen 
on the Permeability' of the Capillary Wall to Fluid and 
to the Plasma Proteins, .‘\m. J. Phvsiol. 83: 528 (Jan.) 
1928. 

20. lifaurer, F. W.: The Effects of Decreased Blood 
Oxygen and Increased Blood Carbon Dioxide on the 
Flow and Composition of Cervical and Cardiac Lymph. 
.Am. J. Physiol. 131: 331 (Dec.) 1940; The Effects of 
Carbon Monoxide -Anoxemia on the Flow and Com- 
position of Cervical Lymph, ibid. 133:170 (May) 1941; 
The Effects of .Anoxemia Due to Carbon Monoxide 


(Footnotes continued ^or. r.exi fege) 
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icn, is an intracpiclcrnial carcinoma wliicli is 
rimary, as opposed to the “Paget” type of 
hangc. which is secondary. In the former, all 
le characteristics of tlie ]mimary carcinoma arc 
resent and intercellular bridges may he found. 

3. Simple Eccciuo . — In simple eczema the 
licroscopic changes in the epidermis arc oh- 


perplasia, desquamation, edema and hydropic 
degeneration of epidermal cells. 

One finds vesicle formation on the surface, 
parakeratosis (nucleation of cells in the exfolia- 
tive layer), acanthosis (thickening of the epi- 
dermis). interstitial edema and chronic inflam- 
matory cell infiltration. 



Fig. 7. — Intraepidermal metastatic carcinoma (‘‘Paget’s disease") resulting from extension by continuity of 
adenocarcinoma from underlying breast. Here one can see carcinoma cells arranged in strands filling inter- 
stices and lymphatics of the corium. .-^t some points invasion through the basal layer into the epidermis can 
be seen, and in the layers of the epidermis are seen changes typical of “Paget's disease.” These abnormal 
intraepidermal cells are identical in detail with the carcinoma cells found in the corium and the breast tissue 
(X 140). 


viously not those of malignant processes (fig. 6). 
The basis of the process is inflammation, with 
secondaiy- epidermal changes resulting from hy- 


4. Sqiiaiiiotts Carcinoma . ■ — Of the 1.430 rad- 
ical mastectomies perfonned at Barnard Hospital 
for carcinoma of the breast, in onlv 3 were there 
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significantly, probably because all the vessels 
of the area rvere by microscopic standards fairly 
large; arterioles, arteriovenous anastomoses and 
venules of this size have substantial, smooth mus- 
cle coats. 

6. At tlie moment the finger rvas removed 
from the tissue, few if any white cells were stick- 
ing to the walls of injured vessels. However, 
many of those brought in by the flowing blood 
adhered to the injured walls. Hence, in a few 
moments white cells had accumulated, one or 
two and even three layers deep and in irregular 
masses on injured endothelial surfaces (see the 
figure and consult E. R. and E. L. Clark*®). 


to determine the precipitation rate (Nygaard , 
and (c) to record the scene for further study. 
The scene is somewhat underexposed, satisfac- 
torj' for research purposes or private showing 
but not for general distribution. 

Copies of this film were later spliced into loops 
for continuous projection to permit several per- 
sons to study tlie scene together, repeatedly, 
detail b}’ detail. The outline of the figure is a 
cine tracing of the scene, made by projecting 
the film onto a large sheet of draudng paper 
while an artist traced the outlines of the sta- 
tionar}- structures (Brown and Sheard ®®). Thus 
these outlines and the scale have about the same 
accuracy as a good camera luejda drawing. The 



Cine-tracing o£ a motion picture of blood flowing through crushed monkey omentum. Art, arteiy ; V, vein ; 
AI'A, arteriovenous anastomosis; EC, fat cells; T/i, thrombosed venule; fEC, masses of white cells stuck on inner 
surface of injured venule; FB, fluid blood; PB, precipitated blood, and SLUDGE, masses of precipitated-agglutinated 
blood. Note the scale in upper left Arrows show direction of blood flow. The details of the precipitated-aggluti- 
nated blood were added by the artist while studying a looped continuous projection of the scene. 


The adhering masses of white cells were contin- 
ually being bumped by wads of the rapidly mov- 
ing sludge; from time to time masses of tliese 
white cells were forced loose from the vessel 
lining and carried downstream to the general 
circulation. 

This microscope field was then photographed 
on Kodachrome motion picture film at 24 frames 
per second and a Zeiss microscope scale photo- 
graphed tvith the same lens combination, in order 
(a) to measure the dimensions of the structures 
present, (b) to find out how long it was taking 
fluid blood to change to thick past}- blood, i. e.. 


following additional results were obtained from 
studies of the film. 

7. The blood was fluid at point FB and rather 
solidly precipitated at PB. The precipitation 
end point is not exact, however, nor exactly de- 
terminable from the scene. Nor was the pre- 
cipitation rate constant. Sometimes fairly solid 
precipitates were formed in blood which had 

29. Nygaard, K. K. : Hemorrhagic Diseases — Photo- 
Electric Study of Blood Coagulafailit}-, St. Louis, C. V. 
ifosby Company, 1941. 

30. Brown, G. E., and Sheard, C. : Measurements of 
the Skin Capillaries in Cases of Polyci-themia A'era and 
the Role of These Capillaries in the Production of 
Erj-throsis, J. Oin. Investigation 2 : 423 (June) 1926. 
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At 6 p. 111 ., ninety minutes later, the following 
obseri'ations were made: 1. The plugs were 
still present in the two thrombosed venules. 

2. The damaged area was still pouring sludged 
blood into tlie smaller veins which drained it. 

point was found where a venule which came 
from the damaged area joined one which came 
from an area of undamaged muscle. Here the 
experiment and the control were present in one 
microscope field; it was easy to compare the 
sludged and the normal blood. There were no 
free individual cells in the blood passing out of 
the venule draining the damaged area; all this 
blood was precipitated and agglutinated into a 
sludge. 3. No UvO red cells were sticking to- 
gether in tlie blood from the uninjured area ; all 
were free, each turned over by itself unattached 
to any other — that is, normal blood was flowing 
through normal vessels in adjacent untrauma- 
tized areas of the muscle. 

At 6: 15 p. m. blood passing through the 
injured area was still changing to a sludge. At 
this time, however, there began to be a change. 
Some of the smallest venules in the injured area 
had almost normal blood for a few minutes and 
then sludged blood again. The sludge was being 
formed intermittently, and the sludge being 
formed was softer, i. e., the clumps had a fluflfy. 
feathery diaracter rather than a firm, rigid tex- 
ture. The area was still pouring sludge into the 
venous system, but there had been a definite 
decrease in rate of production of sludge, and that 
produced might better be called a “slush” than 
a sludge. 

It seems reasonable to assume that whatever 
had been initiating the production of sludge was 
not reaching or acting in the blood flowing 
through the injured area as rapidly as during 
the first ninet}' minutes after injuiy. 

At 6 : 30 p. m. the following observations were 
made. 1. The plugs were still present in the 
two thrombosed venules. 2. The blood flowing 
through the injured area was still changing con- 
sistency. The sludge formed was less pasty than 
that formed at first. It was softer, the clumps 
were more plastic and the rates of flow through 
these vessels were increasing, approaching the 
rates through vessels of similar size in the neigh- 
boring undamaged areas. The walls of the 
venules in the injured area were lined with 
sheets of white cells all rolling along the inner 
surfaces of the endothelium (E. R. and E. L. 
Clark It seemed probable that this injured 
area would not form sludge much longer. 

3. Normal, unagglutinated blood was coming 
from the uninjured areas. 


At 7 : 30, three hours after the injury, these 
observations were noted: 1. The rivo venules 
onginally thrombosed were still plugged up. 
2. Patches of slightly agglutinated blood were 
forming at irregular interv'als in blood flowing 
through the injured area. 3. Normal blood was 
coming out of the uninjured areas. 

At 7 : 40 the same area was retraumatized 
by one light wiping stroke of the forceps handle. 
Immediatel)' the blood flowing through the area 
became thick and pasty again. This shows that 
the substances which initiate sludge formation, 
or their precursors, were not all gone from the 
injured area. 

At 7: 55 p. m. the following obsen-ations were 
made: 1. Thrombosed vessels were still throm- 
bosed. 2. Blood flowing through the injured 
area was still changing to a stiff sludge. 3. Nor- 
mal blood was coming out of venules of neigh- 
boring uninjured muscle. 

At 8:15 p. m. there was no change. 

At 8 : 40 p. m. these observations were made : 

1. Thrombosed vessels were still thrombosed. 

2. All the blood flowing through the injured area 
was changing to a sludge and passing into the 
venous system. 3. Normal blood was coming 
from uninjured areas. The experiment was dis- 
continued. 

Staiijuary of This Experiment ivUh Crushed 
Mouse Muscle. — 1. A light injury to mouse 
striated muscle caused precipitation and agglu- 
tination of the blood flowing through the injured 
area. Crush and flow through the crushed mus- 
cle were both necessarj', and the t^vo together 
were sufficient to produce a flow of sludged 
blood into the general circulation. 

2. The precipitate was probably being formed 
in' less than half a second. 

3. For about one and three-fourths hours after 
the injur)-, the rate at which sludged blood was 
poured into the venous system was as fast as 
the rate of flow through the crushed area. 

4. For the next one and one-fourth hours a 
progressively decreasing fraction of the blood 
flowing through this area changed consistent:)-. 

5. The clumps formed in the first period were 
fairly tough and rigid; those formed in the 
second period were increasingly plastic, flexible 
and fragile. 

6. The visible sludge formed rapidly before 
the blood left the field being observ-ed. This 
observation does not mean that all the sludge 
initiator substances reacted and became inactive 
within the microscope fields observ-ed. Initiator 
substances which might be able to cause changes 
in the blood at some later time and distant place 
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vliether it oriijinatcd in acinar or duct cells, 
n only S of the 29 eases in this series was there 
in intraductal carcinoma. 

EXTR.\M.\MM.\RY “P.\GET’s DISE.\SE'’ 

In 1937 H. .-V. Weiner " reviewed the 57 eases 
.Inch until that time had been reported as in- 
tances of “extramammary Paget’s disease.’’ He 
so presented the details of a case of his own. 
In his patient, he too was able to demonstrate 
ihat the intraepidermal cells were, in truth, neo- 
ijlastic cells extending from a subjacent aiwcrinc 
gland carcinoma of the vulva. Following a crit- 
ical study, he concluded that only 15 of the 
57 cases so reported entailed sufficient evidence 
(microscopic e.xamination) to warrant such a 
diagnosis. In all the acceptable cases the changes 
occurred in the skin of the areas (axilla and ano- 
genital regions) in which the apocrine sweat 
glands are present. Of these 15 cases, 9 pre- 
sented definite evidence of carcinoma elsewhere 
than in the epidermis, and this in each instance 
was a glandular carcinoma. In the remaining 
G cases, either no mention was made of cancer 
or no adequate examination to discover its pres- 
ence was performed. Others have reported in- 
traepidermal metastatic carcinoma associated with 
epithelioma, melanoma and rectal carcinoma. 
Such an obseiwation has led Drake and Whit- 
field and Civatte (cited by Weiner) to propose 
that “Paget’s disease of the skin’’ is a nevocar- 
cinoma.^“ Actually, however, a variety of tumors 
have produced the phenomenon, and it is un- 
reasonable to postulate that all such metastases 
must be explained on the basis of one particular 
type. 

COMMEXT 

From the evidence obtainable some tenable 
conclusions may be drawn : 

1, Intraepidermal metastatic carcinoma has 
been repeatedly seen as an accompaniment of 

14. Weiner, H. A.; Paget’s Disease oi the Skin 
and Its Relation to Carcinoma of the .'\pocrine Sweat 
Glands, Am. J. Cancer 31:373-403 (Nor.) 1937. 

15. The intraepidermal presence of lUcques and clear 

cells in junction n^pe nevi and in melanomas has been 
repeatedly observed. The clear cell of the junction 
nevus is easily differentiated from the "Paget cell.’’ 
Opinion varies here, again, as to the nature of tliis 
intraepidennal cell, though from the evidence at hand 
it appears that the cell originates in the epidermal layer 
and does not represent an invasion into it. (Becker, 
S. II’. : Cutaneous Melanoma : Histologic Study, 

Especially Directed Toward the Study of Melanoblasts. 
.•ireh. Dermat. S: Syph. 21:SlS-^5 [May] 1930. 
Nicolau. S.: Sur le phenomtoe de migration cellulaire 
intra-epidermique dans le nevocarcinome. -•Inn. de dermat. 
et syph. 1:74^762 [July] 1930. Traub, E., and Keil, 
H. : The “Common Mole." .-Irch. Dermat. & Svph. 
41:214-252 [Feb.] 1940.) 


various types of malignant disease variously 
situated. Some of the.se metastases have been 
demonstrated as occurring by varialile routes, 
viz., direct extension, ductal extension or by 
way of lymphatic channels. 

2. The inaccuracy of e.xplaining all such intra- 
cpidermal metastatic malignant growths on the 
basis of a single type of carcinoma is evident, 
since they may occur from underhdng breast 
carcinoma, from epithelioma, from melanoma, 
from apocrine gland carcinoma and possibly from 
others. 

3. Much of the difficulty which has arisen in 
regard to this picture is the result of eponymic 
labeling of the disease. While due credit should 
be attributed to Sir James Paget for first calling 
attention to the relationship between carcinoma 
of the breast and an eczema-like lesion of the 
nipple, the term “Paget’s disease" has proved 
unfortunate because it has defeated the ver}- pur- 
pose of illustrating this relationship. The placing 
of all such lesions into a group and labeling them 
“Paget’s disease’’ has confused not only the 
clinician who desires to know what he is treating 
in order that he may treat it adequately but also 
the pathologist who attempts to theorize on the 
basis of 1 or several cases as to the nature of 
what he believes must be an entiw, “Paget’s 
disease.” 

One purpose back of the presentation of this 
study is to recommend that the terms "Paget’s 
disease of the breast’’ and “extramammar\- 
Paget’s disease’’ be abandoned altogether. The 
fact that the cells called “Paget cells” are car- 
cinoma cells has been established. Xo tj'pical 
and acceptable case of "Paget’s disease’’ which 
has been adequately studied can be found that 
is not associated with carcinoma. It is essential 
to the welfare of such patients, then, that their 
maladies be recognized as cancer at the earliest 
possible stage, that is, when the cells are seen 
in the skin and not when the patient returns 
with obvious progression following inadequate 
treatment. When carcinoma cells are discovered 
in a benign epidermis, they should be called car- 
cinoma cells rather than “Paget cells.” In the 
case of breast lesions, the clinician could and 
should then treat the malady as a carcinoma 
primar}’ in the breast, irrespective of palpable 
mass. In 41 per cent of 29 cases there was 
no palpable mass when the diagnosis of the skin 
was made, and 3 'et adenocarcinoma of the breast 
was demonstrated microscopically. Thus, earlier 
recognition and earlier treatment of carcinoma 
in such cases will result. 
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capillary venules and venules do not leak enough 
to be detected by microscopic observation. 

4. Pentobarbital sodium in anesthetic doses 
does not cause intravascular agglutination of the 
circulating blood of IMacaccus rhesus monkeys. 

5. Xeitlier pentobarbital sodium nor sodium 
amytal in anesthetic doses causes intravascular 
agglutination of the circulating blood of mice. 

6. No single factor or combination of factors 
of the anesthetics used, the withdrawing of the 
monkey omentum or the brilliant transillumina- 
tion of tissues whose temperatures are main- 
tained at normal has caused intravascular agglu- 
tination of the blood. 

7. Laparotomies can be done with sufficient 
care to prevent general precipitation and agglu- 
tination of all the circulating J^lood. 

8. Witli routine care, normal monke 3 's have 
been kept under pentobarbital sodium anesthesia 
and the circulation in abdominal viscera obserwd 
with microscopes without causing general intra- 
vascular agglutination of the blood or visible 
pathologic changes in the walls of small blood 
vessels for as long as fourteen to eighteen hours. 

11. Methods. — 1. A method is described for 
maintaining controlled pentobarbital sodium anes- 
thesia of monkeys by intrapleural injections; 
this is useful for maldng microscopic obseiva- 
tions of abdominal structures. 

2. Simple metliods are described for studying 
the vessels and blood of the eyelid, nictitating 
membrane and bulbar conjunctiva of experimen- 
tal animals not operated on and of those operated 
on. The methods have three obvious uses- 

(a) To assist in preselecting normal animals 
for experiments. As agglutinated blood is not 
normal, as agglutinated blood has already been 
found as a part of the pathologic change in about 
fort}- human diseases and as many of the organ- 
isms which affect human beings also affect ex- 
perimental animals, microscopic observations of 
the blood and vessel walls are a necessary part 
of the preselection of normal animals for experi- 
ments. 

{b) To make continuous obser^-ations during 
the course of experiments on intact animals not 
operated on to detennine the effects of various 
agents and procedures on the circulating blood 
and local vessel walls. 

(c) To make continuous obseiwations as con- 
— trols to be certain that during experiments de- 
signed with the intention of studring normal 
animals no agent or procedure is causing 
mechanical changes in blood and/or pathologic 
changes in vessel walls. 


3. A method is described for studying the 
blood passing through vessels in or near a minute 
local lesion. The method should be useful for 
studying the blood passing through or near 
lesions caused by many different agents. 

III. Results oj Crushing Injuries. — 1. After 
a crushing injurj- to monkey omentum, smooth 
muscle of mouse intestine or striated muscle of 
a mouse, three zones ma\- be distinguished; 

(a) a thrombosed zone, {b) a partial!}- crushed 
or sludging zone and (r) a zone which is injured 
so little that the blood flowing through it under- 
goes no detectable change. 

(Pentobarbital sodium in monkeys and mice 
and sodium am}-tal in mice do not in an^thetic 
doses prevent the precipitation-agglutination of 
blood flowing through a crushed area.j 

Seen as possible initiating factors in traumatic 
shock, the observ-ations made in these tissues 
may be summarized as follows: 

2. Crushing plus flow through a vessel in the 
crushed area yields a stream of sludge into the 
general circulation. 

3. Crushing plus thrombosis of a crushed ves- 
sel yields no sludge to the venous system. 

4. Flow without crush }-ields no sludge. 

5. Thus, after trauma, (c) local crush plus 

( b) flow through a vessel in the crushed area 
are both necessary and, together, sufficient to 
yield a flow of sludged blood into the general 
circulation. 

6. After crush, precipitates can form around 
or between the moving blood cells in less than 
a second, while the blood is moving less than a 
millimeter. 

7. It seems reasonable to suspect that die 
sludge initiator substances might be related to 
the substances capable of initiating blood clot- 
ting. If this is true, then many tissues and 
organs of vertebrates should release such sub- 
stances when they are injured. 

8. At no time can sludged blood pass into the 
venous system faster than the flow through the 
crushed tissue. 

9. For a time after the crush, the rate at 
which sludge is poured into the venous S 3 -stem 
can be as fast as the rate of flow through an 
open vessel in the crushed area. 

10. Retraumatization of an area can reinitiate 
sludge formation in blood flowing through the 
area. 

11. This sludge can be formed in an area 
from which or into which there is (a) no hemor- 
rhage and {b) but littie loss of plasma through 
injured vessel walls. 
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Injuries to the head have heen steadily in- 
creasing in the past quarter of a century, and 
fractures of the mandible in particular have in- 
creased manyfold. The illustration (fig. 1) 
from Fomon’s textbook ^ shows the various sites 
of fractures and the frequency of occurrence. 
While this is an accurate and standard chart, 
the present situation presents a more complex 
picture. The forces causing head injuries seem 
to be more intense, with the result that the frac- 
tures are frequently multiple and the displace- 
ment of the fragments extremely complicating. 

Broken jaws have heen recorded in medical 
historj- since 3.000 B. C., according to Breas- 



Fig. 1. — Sites of predilection of mandibular fractures, 
in order of frequency; (a) angle; (6) mental foramen; 
(c) molar region; (d) sjanphysis; (c) condyle and (/) 
coronoid process. (From Fomon.*^) 

ted’s = translation of the Edwin Smith surgical 
papj-rus. Since this recording of such an injury, 
there have been numerous methods of treatment. 
We have tried many of these tvith varying degrees 
of success. Until the advent of skeletal fixation, 
there has not been a universal method of treat- 

1. Fomon, S.; Surgerj- of Injury and Plastic 
Repair, Baltimore, Williams & Wilkins Companv, 1939, 
p. 1203. 

2. Breasted. J. H. : Edwin Smitli Surgical Papyrus, 
Published in Facsimile and Hieroglyphic Translitera- 
tion with Translation and Commentary, Chicago, Uni- 
versity of Chicago Press, 1930. 


inent adequate to handle any fracture that was 
presented. It is still possible for the condyle to 
be broken so short that pins cannot be inserted. 
In such a rare instance, an open operation would 
be mandator}'. 

Because of the increasing frequency of injuries 
to the head with the resulting fractures of the 
mandible and the superior maxilla, we feel that 
each locality or each hospital should have a group 
which is interested in such fractures. The ideal 
team is an oral surgeon, an otolar}'ngologist and 
a general surgeon. Tlie oral surgeon contributes 
his knowledge of the alinement of the teeth and 
the methods of securing a functioning bite. The 
otolaryngologist contributes his knowledge of the 
bones of the face and his abilit}' to handle other 
fractures of the face as well as other complicating 
injuries of the head and neck. The general sur- 
geon, with a large practice in fractures, adnses 
as to the alinement of the teeth and the general 
condition of the patient. 

Roger Anderson “ has been credited with the 
practical development of the treatment of frac- 
tures by external appliance and pin fixation. 
This is the apparatus that we used. There are 
other appliances on the market, but we decided to 
use this because of its simplicity and light weight. 
It is simple, safe, comfortable and economical. 

Gillies * listed the advantages of external 
skeletal fixation : 1 . It is available for types of 
fractures which cannot be treated by other 
methods. 2. It may be immediately applied to any 
fracture. There is perfect control of aU frag- 
ments and anatomic reposition. 3. It permits 
immediate movement of the temporomandibular 
joint. 4. It prox-ides for cleanliness of the whole 
buccal caUty. We found all these advantages, 
and so far we have found no disadvantages. 

We have seen roentgenograms of other pa- 
tients, in whom the pins were placed too high. 

3. Anderson, R. ; Ambulatory Method of Treating 
Fractures of Shaft of Femur, Surg., Gvnec. & ObsL 
62:863-873 (May) 1936. 

4. Gillies, H. D.: Replacement and Control of 
Maxilla Facial Fracture, Brit. Dent. J. 71:351-358 
(Dec.) 1941. 
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mucus and obstruction; the high percentage of 
oxygen in this inspired closed ether atmosphere 
allows its almost immediate removal b}' the blood 
stream, leaving a collapsed lung behind one or 
numerous small obstructive masses of mucus. 

Cyclopropane was followed by the fewest pul- 
nionar}- complications as well as other tj-pes of 
complications, in spite of the fact that it is admin- 
istered to those patients already extremely ill 
but requiring operation. It causes a negligible 
amount of bronchial irritation and production of 
mucus.. In a few cases collapse follows admini- 
stration of cyclopropane, particularly when com- 
bined with a large dose of morphine, because of 
the depression of the respiration from the re- 
moral of the carbon dioxide to produce pur- 
posely a shallow respiration and a quiet 
abdomen for surgical intervention. 

Aspiration of blood or vomitus during or 
after operation is an important consideration 
also, as tills mai' plug the bronchioles. If the 
airwai* does not seem to be perfectl}' clear at the 
end of operation, this aspiration should be done 
before the patient is removed to the ward. 

The onset of pulmonan,- collapse occurs sud- 
denly, usually during tlie first three days, with 
pain in the chest, dyspnea and a sharp rise in 
temperature and in pulse and respiration rates. 
The patient is usually found sitting up in bed, 
anxious, dyspneic and cyanotic. There is more 
or less fixation of the affected side, with dulness 
on percussion, absence of breath sounds, eleva- 
tion of the diaphragm and shift of the area of 
cardiac dulness toward the affected side. The 
unaffected side is h3-perresonant, and there are 
increased breath sounds.^* The sputum is scanty 
at first but quickly becomes abundant and muco- 
purulent. The white blood cell count maj' be 
15.000 to 20,000. The roentgenogram is charac- 
teristic, witli elevation of the diaphragm on tlie 
affected side, narrowing of the intercostal spaces 
and deidation of the heart and other mediastinal 
structures to the affected side, the lung appearing 
dense and homogenous. 

Treatment of such collapse is, of course, pri- 
maril\’ prophylactic. As soon as the operative 
schedule is posted for the following daj-, tlie 
intern on the anesthesia service and I exmaine 
each patient and plan tlie tj’pe of anesthetic 
which will be the best, considering the pathologic 
condition of the patient, the t}-pe of operation 
proposed and the use of cauterj' or roentgen raj- 
equipment. A member of the anesthesia depart- 
ment then writes orders for the preoperative 
medication, giving a small dose of morphine for 
all patients except those who are young and 
vigorous. By small dose is meant Vic grain 


(0.0037 Gm.) to ] 4 , grain (0.007 Gm.) for tliose 
above 50 j’ears, grain to % grain (0.01 Gm.) 
for those from- 50 to about 25 years and % grain 
for those in good condition, in their twenties 
and thirties. Occasionally grain (0.015 Gm.) 
is given in this group. Scopolamine is given in 
combination with the morphine preceding spinal 
anesthesia for further sedation, ■V150 grain (0.000+ 
Gm.) to V^oo grain (0.0002 Gm.) being given 
with increasing age. Atropine is given preceding 
an anesthetic administered intravenously, as 
it has been found that there is more likely to be a 
fall in blood pressure during the administration 
of pentothal sodium if it has been preceded by 
the use of scopolamine. Atropine .is also given 
to young children in preference to scopolamine, 
which rather seriousW depresses them. Admin- 
istration of the anesthetic is refused until the 
patient has received atropine or scopolamine for 
the proper interv'al pre-vious to operation. Bar- 
biturates are given to all patients preceding use 
of caudal, epidural or spinal anesthesia to avoid 
procaine reactions through depression of the 
central ner\'ous system from stimulation of pro- 
caine and its deriratives. Barbiturates are given 
to those patients to receive nitrous oxide anes- 
thesia to depress the metabolism further, which 
is necessary when administering this weak gas. 
They are also given preceding use of cj'clopro- 
pane to decrease vagal tone and prevent cardiac 
arrhj-thmia from the combination of morphine 
and cyclopropane." Ortal sodimn is given to 
older people, over 50, and pentobarbital sodium 
in one or two 1.5 grain (0.009 Gm.) doses to 
j'ounger patients. Seconal when combined wth 
even a small dose of scopolamine has been found 
to be too depressing to the respirations of old 
people. Morphine and barbiturates are not given 
preceding tribromoethanol, as this combination 
produces severe respirator}' depression. At the 
close of the anesthesia, an attempt is made to 
have the patient partially awake and to have his 
phar}-ngeal reflex back. Nitrous oxide is given 
during the last few minutes of cyclopropane 
anesthesia in order to fill the lungs with a sub- 
stance which is much more slowly absorbed in 
case a portion of the lung should be cut off be- 
hind a mucus plug. Nitrous oxide requires sev- 
eral hours to be dissolved by the blood stream, 
while cyclopropane and ox}’gen are removed in 
a few minutes and in that case would leave a 
portion of lung collapsed in a short time. I have 
not seen a case of atelectasis develop after this 

7. Robbins. B. H.; Baxter, J. H., and Fitzhugb. 
O. G. : The Use of Barbiturates in Preventing Cardiac 
Irregularities ’ Under Cyclopropane or Morphine and 
Cvclopropane Anesthesia, Ann. Sure. 110:84-93 (Julv) 
1939. 
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oing regular work on the farm. The pins were rc- 
loved in the office at llie end of eiplu weeks. 

Case o (figs. 4 and 5). — Tlic patient was a man, aged 
S. A roentgenogram sliowed a transverse fracture of the 
ight mandible at the jnnetien of tlie horizontal and the 
'cending ramus which transversed the entire width of 
he bone, splitting the alveolus of the wisdom tooth. 
I liere was a dislocation inward of the proximal frag- 
The third molar in the crevice was cxtractetl 
■ four pins inserted, two horizontally and two verti- 



Fig. 4. — Perfect alinement of an angle -fracture. 



cally. This patient, as well as tlie preceding patient, 
had an excellent resultant bite. 

Case 4. — A. young woman, aged 28, was injured in 
an automobile accident. She had a shattering fracture 
of inferior mandible at tlie left mental foramen. She 
also suffered a crushing fracture of the left superior 
maxilla, with tlie left alveolar process pushed up to the 
left orbit. In addition, there were fractures of tlie 
right femur and both ankles. The patient was in a 
state of physical and mental prostration. Her mandible 
was fixed by skeletal fixation first. Her mental and 
physical condition cleared at once after the comfortable 
and permanent fixation of this painful fracture. Three 
days later the shattered fragments of the left superior 


maxilla were molded. The loss of the upper left central 
incisor, lateral incisor, cuspid, first bicuspid, second 
bicuspid and first molar greatly weakened the area. 
The .second and third molars were brought into aline- 
ment and licld in position by a Straith mouth piece. 
A screw was placed in the left inferior orbital ridge, 
and this was held out by a bar from a Straith head 
splint buried in plaster. .After these fractures were 
fixed the other fractures were corrected. The superior 
maxilla fractures were healed in six weeks ; the inferior 
mandible was held firmly in place for eight weeks. 
Roentgenograms then showed the fracture firmly healed 
and so the pins were removed. Prosthetic restoration 
was satisfactory both from the esthetic and the func- 
tional standpoint. 

Case 5 (figs. 6 and 7 ). — A girl, aged 18, was a pas- 
senger in a pleasure car which was in head-on collision. 
She suffered no injuries other than four fractures of 



Fig. 6. — Four fractures of mandible, bilateral con- 
dylar, left angle, and sjTnphj’sis crushed. 


Fig. 7. — Close-up showing how pins were placed to 
hold all fragments. The plaster cap and supporting 
rod were used for ten days, as the masseter muscles 
were so bruised that the patient could not keep her 
mouth closed, and she complained of her throat becoming 
drv-. In ten days this plaster cap was removed and all 
motions of the jaw were freely permitted. 
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at 10:30 a. m., followed by closed ether anestliesia for 
maintenance. Lj'sis of extensive adhesions of tlie 
omentum into the pelvis was done. The operation lasted 
an hour and fifty-three minutes, and the patient was 
returned to the ward in good condition at 12:50 p. m. 


sulfate and sulfapyridine. Copious e.\pectoration re- 
sulted from cocainization of the throat, with pronounced 
relief experienced by the patient .A. roentgen ray 
examination at 8 a. m. revealed two-thirds clearing of 
the left base, with still a slight shift of the mediastinal 



Fig. 2 (case 5). A, showing collapse of the lower lobe of the left lung before treatment B, showing 

reexpansTon of the left base shortly after treatment and two hours after initial collapse, C. showing complete 
reexpansion and clearing of the left lung ten hours after initial collapse, with immediate treatment. 


She was talking at 1 :30 p. m. At 6 a. m. January 23, 
she was found cj-anotic and complaining of pain in the 
chest. A roentgenogram revealed collapse of the left 
lung (fig. 2 A'). Swabbing of the throat with epi- 
nephrine and cocaine was started, wdth inhalations of 
carbon dioxide and oxj-gen and use of ammonium 


shadow (fig. ZB). Roentgen ray examination at 4 
p. m. showed complete clearing of the base of the left 
lung (fig. 2C). 

This case also illustrates the value of immedi- 
ate treatment in preventing’ pneumonia following 
collapse of the lung. 
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Tunier stresses the importance ot early 
:liagnosis and treatment of congenital dislocation 
of the hip. He feels that complications become 
worse with delay. The physical signs arc listed 
as: I. Unilateral dislocation: (o) apparent short- 
ening. (/;) decrease in range of abduction, (c) 
piston motion, (rf) asymmetry of skin folds 
about the thighs, {c) palpation of the head of 
the femur, (/) trochanter affected near the ante- 
rior superior spine. II. Bilateral dislocation: (n) 
wide perineum, (b) apparent lordosis, (c) un- 
usually deep skin folds, {(!) trochanters unusu- 
ally near level of anterior superior spines, (c) 
palpation of femoral heads. It is noted in the 
roentgenograms that in congenital dislocation 
( 1 ) the acetabular roof is sloping more than the 
normal 170 degrees, (2) the acetabulum is 
shallow, (3) tlie epiphysis is smaller, (4) the 
epiphysis. is displaced, (5) Shenton’s line is dis- 
turbed and (6) the metaphysial beak is displaced 
more laterally. The treatment should start as 
soon as possible. The complications are ante- 
version of the neck and aseptic necrosis. 

Thompson discusses primar}- acetabular 
di’splasia as the basic factor in congenital dis- 
location of the hip. The condition is hereditar}’ 
and may be transmitted tlirough either side of 
die famih'. This dt'splasia may be recognized 
in the earl\- weeks of life by the obliquity and 
the shallowness of the acetabulum as seen in 
roentgenograms of the hips. Dislocation ma)- or 
ma)- not occur, depending on the degree of the 
imperfection of the acetabulum, but if the dys- 
plasia is not corrected during the period of 
gp'O'wth the hip will always be abnormal, even 
though frank dislocation does not develop. 

Natural growth processes will frequendj* over- 
come the d\-splasia and cause a normal develop- 
ment of the acetabulum and of the head of the 

170. Turner, V*. C. : Importance of Early Recognition 
of Congenital Dislocation of the Hip, if. J. Wisconsin 
43:613-617 (June) 1944. 

171. Thompson. F. R. : Early Diagnosis and Early 
Treatment of Congenital Dislocation (Acetabularj’ 
Dysplasia) of the Hip, New York State J. Med. 44: 
1095-1102 (May 15) 1944. 


femur if the normal mechanics of the hip are 
restored and maintained. Early treatments to 
take advantage of normal growdi from the be- 
ginning arc imperative. 

The author reviews the clinical and roentgeno- 
graphic evidence of “predislocations” of the hip. 
[Ed. X’ote. — I attach more importance to limi- 
tation of abduction than to asymmetry of the 
gluteal folds.] Predislocation should be treated 
by maintaining the hip in abduction and internal 
rotation until a roentgenogram shows that the 
hip has developed normally. 

Dislocation should be reduced as soon as tlie 
diagnosis is made. Careful bloodless reduction 
is generally employed. If the dislocation cannot 
be reduced by manipulation or if reduction is 
not maintained, open reduction should be per- 
fonned. Thompson has performed open reduc- 
tion on a patient at as early an age as 5 months. 
He believes that the acetabulum develops more 
rapidly after open reduction than during fixation 
in a position of incomplete reduction. He advises 
osteotomy six weeks after open reduction, to 
correct anteversion of the neck. Fixation in 
plaster for six months after the open reduction 
is followed by imrestricted use of the extremit}-. 
witliout further orthopedic treatment. Periodic 
roentgenographic clieck-up is advocated there- 
after until it is apparent that the hip joint has 
developed normally. 

Lapin discusses predislocation and describes 
3 cases of suggestive physical signs of inequalit}- 
of the two hip sockets, e. g., waddle gait, limp 
and asjTnmetry of buttock folds. In all the cases 
the roentgenologic examination shows normal 
conditions. A possible explanation offered is that 
on one side there may be a long capsular hga- 
ment or an intracapsular tissue of increased 
volume. 

IMichail suggests that poor results in reduc- 
tion are often due to difficult}' of immobilizing 

172. Lapin, H. : Pseudocongenital Dislocations of 
the Hip in Infants: Three Cases, .^\rch. PediaL 60:649- 
652 (Dec.) 1943. 

(Fooir.oies continued or. r.cTi fege) 
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a basis of various experimental evidence, potas- 
sium has been suggested in this role.^^ \^niile 
some recent evidence supports this view,^- the 
importance of potassium has not been generall)' 
accepted. This is due in part to the fact tliat 
previous studies have been confined to changes 
in the blood or isolated tissues, and conse- 
quently quantitative data on the magnitude of 
tlie total changes were not available and also 
because tlie obser\'ed alterations were interpreted 
in terms of the normal rather tlian the shocked 
animal. 

The following obsen^ations have been made ° 
in an attempt to evaluate the significance of the 
-potassium release in traumatic shock: 

(a) In a shocked animal the toxicity of admin- 
istered potassium increases six to nine times 
above that for a normal animal (chart 3). This 
is not the result of a general increase in suscepti- 
bility to toxic agents, for tuider similar conditions 
the toxicity of magnesium and quinidine (used as 
drug controls) was less than doubled. 

(b) The amount of potassium released in 
shock, as indicated b}'- anatyses of the entire 
injured area and by urinary studies, is toxic for 
a normal animal when given intravenously or 
intraperitoneally and for an anuric (nephrecto- 
mized) animal when given subcutaneously and 
is several times the fatal dose for a shocked ani- 
mal when given by any route (chart 3) . 

(c) The elevation of serum potassium in the 
shocked animal cannot be interpreted in terms of 
the ele's'ation required to kill a normal animal. 
Rabbits in shock that are killed by injections of 
potassium chloride show terminal serum potas- 
sium levels (13.20 milliequivalent per liter, with 
a standard error of 0.22) within the same range 
as those found in shocked rabbits without treat- 
ment with potassium chloride that die from shock 
several hours later (12.08 milliequivalent with a 
standard error of 0.35). These values are lower 
than those obtained for normal rabbits that are 
killed by injections of potassium chloride 
(16.58 milliequivalent with a standard error of 
0.68). These results suggest that the moderate 
eIe\’ations of serum potassium seen in shock may 
have greater significance than is usually attrib- 

11. Scudder, J.: Shock; Blood Studies as a Guide 
to Therapy, Philadelphia, J. B. Lippincott Company, 
1940. 

12. Bywaters, E. G. L., and Popjak, G. : Experi- 
mental Crushing Injury, Surg., Gt-nec. & Obst. 75:612- 
627 (Nov.) 1942. Bvwaters, E. G. L. : Ischemic Muscle 
Necrosis, J. .A. M. A. 124:1103-1109 (April 15) 1944. 
Oarke, A. P. tV., and Cleghom, R. .A.: Chemical 
Studies of Tissue Changes in .Adrenal Insufficiency and 
Traumatic Shock, Endocrinology- 31:597-606 (Decl 
1942. 


uted to them, particularly in relation to the 
terminal phases of tliis condition. 

Not only is the shocked animal abnormally 
sensitive to administered potassium. It is possi- 
ble to produce withdrawal of fluid and sodium 
from the body by the intraperitoneal injection of 
dextrose solutions.^^ By the use of this technic, 
it has been demonstrated that the shocked ani- 
mal is also high!}- susceptible to any additional 
loss of fluid or sodium.'^ 

The evidence indicates that these three factors, 
fluid loss, sodium loss and potassium toxicity, 
are interdependent. While in shock the magni- 
tude of each change may not in itself be suffi- 
cient to produce death, their combined effects 
augment one another and may have an impor- 
tant influence on mortality in shock. 

There are various types and various degrees 
of shock, in which a variety of other biochemi- 
cal changes have been shown to exist like- 

13. Schechter, A. J. : Electrolyte and Volume Changes 
in Fluids Injected into the Peritoneal Cavity, Yale J. Biol. 
& Med. 4:167-183 (Dec.) 1931. Darrow, D. C., and Yan- 
net, H. ; Changes in Distribution of Body Water Accom- 
panj-ing Increase and Decrease in Extracellular Elec- 
trolj-te, J. Qin. Investigation 14:266-275 (March) 1935; 
Metabolic Studies of Changes in Body Electrolyte and 
Distribution of Body Water Induced Experimentally by 
Deficit of Extracellular Electrolyte, ibid. 15:419-427 
(July) 1936. 

14. (o) Russell, J. A.; Long, C. N. H., and Engel, 
F. L. : Biochemical Studies on Shock : Role of Periph- 
eral Tissues in Metabolism of Protein and Carbohydrate 
During Hemorrhagic Shock in Rat, J. Exper. Med. 79 : 
1-7 (Jan.) 1944. Engel, F. L. ; Harrison, H. C, and 
Long, C. N. H. : Biochemical Studies on Shock; Role 
of Liver and Hepatic Circulation in Metabolic Changes 
During Hemorrhagic Shock in Rat and Cat, ibid. 79: 
9-22 (Jan.) 1944. Russell, J. A.; Long, C. N. H., and 
Wilhelmi, A. E. : Biochemical Studies on Shock : 
Oxj-gen Consumption of Liver and Kidney Tissue from 
Rats in Hemorrhagic Shock, ibid. 79:23-33 (Jan.) 1944. 
(5) Shen, S. C., and Ham, T. H. : Studies on Destruc- 
tion of Red Blood Cells, New England J. Med. 229:701- 
713 (Nov. 4) 1943. (c) Govier, W. M. : Studies on 
Shock Induced by Hemorrhage: III. The Correlation 
of Plasma Thiamin Content with Resistance to Shock 
in Dogs, J. Pharmacol. & Exper. Therap. 77:40-49 
(Jan.) 1943. (d) Aub, J. C; Brues, A. M. ; Dubos, R. ; 
Ketj', S. S.; Nathanson, I. T. ; Pope, A., and Zamecnic, 
P. D.: Bacteria and the Toxic Factor in Shock, War 
Med. 5:71-73 (Feb.) 1944. (c) Prinzmetal, M. ; Freed, 
S. C., and Kruger, H. E.: Pathogenesis and Treatment 
of Shock Resulting from Crushing of Muscle, ibid. 5: 
74-79 (Feb.) 1944. (f) Glenn, W. L.; Muus, J., and 
Drinker, C. K.: Observations on the Physiology and 
Biochemistrj' of Quantitative Bums, J. Qin. Investiga- 
tion 22:451-439 (May) 1943. Perlmann, G. E.; Glenn, 
W. W., and Kaufman, D.: Changes in Electroh-tic 
Pattern in Lymph and Serum in Experimental Bums, 
ibid. 22:627-^ (July) 1943. (g) Ricca, R. A.; Fink, 
K.; Katzin, L. I., and Warren, S. L. : Effect of En- 
vironmental Temperature on Experimental Traumatic 
Shock in Dogs, J. Qin. Investigation 24:127-139 
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ication ot the hips. The authors believe that 
’e dislocations are tlie result of the neural 
cfect produced by the spina bifida. They point 
ut that in severe forms it is accompanied with 
'ther anomalies: ancnccphaly. hydrocephalus, 
alipes equinus and others. The abnormality 
uost commonly occurs in the lumbosacral region, 
aid the neurologic signs manifest themselves in 
he lower limbs. Oftai one group of muscles 
:how fair power, whereas antagonists may show 
'omplete paralysis. This was the condition in 
'■-3 cases presented. Urinary incontinence and. 
less frequently, fecal incontinence are present, 
t wo types of dislocation are distinguished : ( 1 ) 
-he endogenous, in which there is a develop- 
mental arrest in the acetabular roof, and (2) the 
dynamic, in which abnormal forces are present, 
e. g., relaxation of the hip ligaments and im- 
balance of the muscle. The dislocation usually 

176. Xathanson, L., and Lewitan, .•\. ; Spina Bifida 
-Associated witli Dislocation of the Hip, Am. J. 
Roentgenol. 51:635-638 (May) 1944. 


occurs in the absence of power of the abductor 
and c.\ternal rotator muscles. In the latter cases, 
maldevelopment of the acetabulum due to dis- 
use follows. 

Roberts emphasizes the necessity of con- 
structing the shelf or buttress above the head 
of tile femur in such a manner that the new 
portion of the acetabulum is molded on top of 
the head and continues the arc of the circle 
which is present in the original acetabulum. 
(Ed. Xote. — It is often necessarv' to reUse the 
arc of an oblique acetabulum by reflecting the 
roof downward.] He describes the method of 
open reduction and of closing the capsule with 
sutures so that the capsule overlaps the margin 
of the newly constructed shelf. He employs a 
bone strut to fix the iliac bone flap in firm con- 
tact with the head. 

177. Roberts, F. B. : Plastic Shelf Operation for 
Dislocations of the Hip, Ohio State M. J. 40:650-656 
(July) 1944. 


VII. TUBERCULOSIS OF BOXES ,\XD JOINTS 

rREP.\RED BY .\L.\X DEFOREST SMITH, M.D., AXD ST.MT OF THE XEW YORK 
ORTHOP.\EDIC DISPEXS.\RY AXD HOSPIT.^L, XEW YORK 


During 19-14 there were comparatively few 
articles on the subject of tuberculosis of bones 
and joints of sufficient interest to include in a 
review of progress. However, it is encouraging to 
note an increase in experimental studies toward 
developing inhibiting or bacteriostatic agents that 
may be effective against tuberculosis. The effect 
of a number of sulfonamide compounds, includ- 
ing Diasone and promin, has been studied by a 
number of investigators, both in the laboratorj- 
and on human patients. The results appear to 
justify the hope that some important result 
may be expected, although the subject still is in 
the experimental stage. 

In a study by Fetter and Prenzlau,^'® Diasone 
(disodium formaldehyde sulfoxylate diamino- 
diphenyl sulfone) was therapeutically admin- 
istered to 78 tuberculous patients for periods 
ranging from sixty to two hundred and seventj-- 
five days. Seventy-two of the patients had pul- 
monary lesions, 5 had lesions of bones and joints 
and 1 had genitourinarj^ lesions. The drug was 
given orally to all patients and applied locally' 
as well to empyema cavities and abscesses about 
joints. The dose was usually 0.33 Gm. with 
meals (1 Gm. per day). Toleration was im- 
proved if the drug was started at 0.33 Gm. per 

17S. Fetter, C. K., and Prenzlau, W. S. : Observa- 
tion on Clinical Application of Diasone in Human 
Tuberculosis (Eight Month Studv), Illinois M. J. 85: 
188-197 (April) 1944. 


day for three days, increased to 0.66 Gm. for the 
next three to five days and tlien raised to the 
standard dose of 1 Gm. per day. Enteric-coated 
capsules gave less gastric disturbance. Evidences 
of toxicity were headache, gastric upset, palpita- 
tion, malaise, occasional visual disturbances and 
“blue skin.” Also noted in some patients were 
an increase in temperature and an increase in 
cough and expectoration at the onset of treat- 
ment. None of these reactions were alarming in 
severity, none were unbearable and none irre- 
versible. In 3.7 per cent of the cases, the drug 
was stopped because the patients preferred not 
to experience the unpleasantness of reactions. 
Studies of tlie blood showed an average initial 
drop from 4.700,000 1*64 cells and 12.5 Gm. of 
hemoglobin to 2,700,000 red cells and 8.8 Gm. 
of hemoglobin in the third and fourth weeks and 
then a gradual rise to about 4,000,000 red cells 
and 10.3 to 11 Gm. of hemoglobin. Depression 
of the total leukocyte count did not occur, and 
neutropenia was not obsen’ed. Eridences of 
damage to the kidney's or liver were not obser\-ed 
clinically or by histologic study in 4 cases coming 
to autopsy after twelve to seventy-two days of 
full doses of the drug. With administration of 
1 Gm. of Diasone daily, blood levels were main- 
tained between 1.5 and 2 mg. per hundred cubic 
centimeters. In a small group of cases, the con- 
centration of “free” Diasone in the blood ranged 
from 1.7 to 2.5 mg., in the cerebrospinal fluid 
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protein-free ultrafiltrate of serum along with the 
same serum and also by comparison of serum 
given by mouth (whereby the proteins as such 
would not be absorbed) with serum adminis- 
tered intravenously. In these experiments 
likewise, the therapeutic response could be at- 
tributed to the electrolytes contained in the 
serum (chart 5 A). The results with serum 
albumin (human) were inferior to those with 
saline solution or serum and here, again, could 
be correlated with the amount of electrohde 
solution (isotonic solution of sodium chloride) 
contained in tlie preparation (chart 4 A). 

Jjf contrast to the absence of influence of 
administration of serum protein was the better 
therapeutic effect obsen-ed in hemorrhage when 
whole blood or er\'throc 3 'tes in isotonic solution 
of sodium chloride were compared with plasma 
or saline solution alone (chart 5 C). 

We have carried out similar studies with whole 
blood therap}’ for traumatic and burn shock and 
were unable to demonstrate an\' superiority over 
plasma or isotonic solution of sodium chloride 
similarly administered. In tourniquet shock, 
treatment with whole blood, 5 per cent bod}' 
weight intravenously, brought about a sur\'ival 
of 35 per cent of 32 mice while with plasma 
40 per cent surv'ived. In burn shock, similar 
treatment with whole blood resulted in 42 per 
cent sun-ivals as compared with 66 per cent with 
plasma. Thirty to 32 mice were employed in 
each group, and the control mortalities (un- 
treated mice) were 100 per cent in both experi- 
,ments."“ 

' It is thus observ'ed that under these experi- 
mental conditions therapy with whole blood is 
of value in hemorrhage, but in bum or traumatic 
shock no superiorit}’ over plasma or saline solu- 
tion could be demonstrated. These obsen-ations 
are of particular interest in view of the recent 
use of whole blood in the treatment of all fomis 
of shock. 

OTHER F.ACTORS 


Brief mention will be made of some other 
factors which we have studied in shock. The 
hamiful effect of an environmental temperature 
that is too hot or too cold is no^y well recog- 
nized : the exact optimum remains to be 




28. Rosenthal.- Tabor, Rabat and Rosenthal.* 

29. Unpublished results. 

30. Gatch, W. D., and Wakim, K. G. : Effect of 
External Temperature on Shock: Experimental Study, 
J. .-V. M. .A.. 121:903-907 (March 30) 1943. Cleghom, 
R. A.: The Effect of Different Emaronmental Tem- 
peratures on the Survival of Dogs .'\fter Severe Bleed- 
ing, Canad. M. A. T. 49:363-367 (Xov.) 1943. Elman. 
R. ; Cox, \V. }f. : Lischcr, C., and Mueller, A. J. : 
^(c^taIity in Severe Experiment.il Bums as .Affected 


established but available evidence indicates that 
it lies between 16 and 24 C.“““ 

Administration of 100 per cent o.xygen at atmos- 
pheric pressure did not affect mortalit}- of bum or 
tourniquet shock in mice Frank and Fine have 
previously reported negative results with oxt-gen 
at a pressure of 3 atmospheres for dogs."^ Mor- 
phine in analgesic doses (2 to 6 mg. per kilogram) 
had no unfavorable influence on bum shock in 
mice-®; Blalock has previously reported similar 
results in dogs.®® Injection of adrenal corte.x 
extract either prophylactically or subsequent to 
burns did not affect the acute mortalit}'. Like- 
wise. no therapeutic effect was observed from 
therapeutic doses of epinephrine in oil or from 
posterior pituitar}' extracts.®" In local therapy 
of bums, covering two thirds or more of the 
body surface with tannic acid, liquid petrolatum 
or cod liver oil was deleterious in that the mor- 
tality from shock was increased.®® 

The immunity which has been obseri'ed after 
repeated trauma has been shown to be a local 
tissue response rather than a humoral reaction.®® 

/ COMMENT 

'-'M'ith simplified procedures it has been possible 
to stud}' the acute mortality following bums, 
trauma and hemorrhage in large numbers of 
small animals. The correction of disturbances 
of fluids and specific electrol}'tes has been demon- 
strated to be of greater importance for sun-ival 
than the administration of plasma proteins. Our 
results indicate that for the most favorable 
response quantities of isotonic solutions of 
sodium salts equal at least to 10 per cent of 
body weight are indicated during the first 
twent}'-four hours. In this respect, it is believed 
that current methods of treating shock are inade- 
quate. 

b 3 - Em-ironmental Temperature, Proc. Soc. Exper, Biol. 

& Med. 51:350-351 (Dec.) 1942. Rosenthal.®* Ricca, 
Fink, Katzin and Warren.®*^ 

30a. More recent studies of temperature effects 
have shown that the increased survival time of untreated 
animals kept at 16 to 22 C. is not a true criterion of 
optimum temperature. WTien mice with tourniquet 
shock are treated with adequate amounts of isotonic solu- 
tion of sodium chloride or plasma, an entirely different 
response is obtained; the majoritj' of them will live if 
kept at 26 to 29 C., while the majorifj' of them will die 
if kept below 22 C. or above 31 C. 

31. Frank, H. .A., and Fine, J. ; Traumatic Shock: 
V. A Study of the Effect of Ox>'gen on Hemorrhagic 
Shock, J. Clin. Investigation 22:305-313 (March) 1943. 

32. Blalock. .A. : Effects of Morphine in Experimental 
Shock Due to Hemorrhage, .Arch. Surg. 47:326-328 
(Oct) 1943. 

33. Rosenthal. S. M. : Tabor, H., and Lillie, R. D. : 
The Local Nature of .Acquired Resistance to Trauma, 
Am. J. Physiol. 143:402-406 (March) 1943. 
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Frcedlaiider.'''' in a brief review, states iliai 
he has tested some ninety derivatives of benzo- 
pbenone for their tubercnlostatic effect in vitro. 
Benz.opbenone is low in toxicity attd shows 
moderately high bacteriostatic action. Tlie fol- 
lowing derivatives increased tlic liacteriostatic 
action : -4-cbloro ; 2-cbloro : 2.4' dicbloro ; 2-iodo ; 
4-mctbyl ; 4-metboxy : 4-ctbo.xy. and tbiobenzo- 
pbenone. It was not possible to find a definite 
chemical pattern in the relationship Ixitween 
chemical structure and tuberculostatic action, 
but an optimal lipid-water solubility ratio was 
discernible. 

Fetter published a note to bridge the gap 
between ‘‘news stories" and the apjiearance of 
proposed reports in medical literature. Diasone 
has been used in treatment of 139 patients. It is 
still an experimental therapeutic agent. Much 
more must be learned about dosage, toxic reac- 
tion. change which takes place in the tuberculous 
lesions and manv other ramifications of such a 
problem. One cannot be too emphatic at this 
time in stating that this compound is not ready 
for even limited distribution until a great amount 
of investigational work is completed. 

Buu-Hoi and Ratsiinamanga reported that 
dihydrochaulmugryl cinuamate in ethyl dihydro- 
chaulmugrate administered to tuberculous guinea 
pigs resulted during the seventy-eight day period 
of the e.xperinient in slower development of 
tuberculosis, a lowered mortality (30 per cent, 
as compared with 83 per cent in controls) and’ 
anatomically more discrete lesions as compared 
with those of control animals. In tuberculous 
guinea pigs on a diet low in ascorbic acid, the 
evolution of tuberculosis is more rapid than that 
in animals on a diet high in ascorbic acid. 

Feldman and Closes reported experiments 
in which diphtheria toxoid failed to exert any 
significant deterrent effect on tuberculosis ex- 
perimentally induced in guinea pigs and rabbits. 

Callomon and Groskin.^*' using promin, di- 
sodium formaldehyde sultoxalate diaminodi- 
phenylsulfone (compound 2398) and 4(o-pyridil- 

183. Freedlander, B. L. : Experiments in the Chemo- 
therapy of Tuberculo-is, California & West. Med. 61: 
85 (.A.ug.) 1944. 

184. Fetter, C. K. : Diasone in Tuberculosis, J. A. 
M. A. 124:385 (Feb. 5) 1944. 

185. Buu-Hoi and Ratsimamanga, A. R. : Etliyl 
Dehydrochaulmoograte Combined with Cinnamic Acid 
Deri\-atives in Experimental Tuberculosis. Compt. rend. 
Soc. de biol. 136:772-774, 1942. 

186. Feldman, W. H., and Moses, H. E. : Effect of 
Diphtheria Toxoid on Experimental Tuberculosis. 
Internat. J. Leprosy 11:36-42 (Dec.) 1943. 

187. Callomon, F. F. T., and Groskin, L. : Thera- 
lleutic Effect of Some Rew Derivatives of di-.A.mino- 
di-Phenylsulfone in Experimental Tuberculosis of 
Guinea Pigs, Tuberculologj- 7:21-25 (Feb.) 1944. 


N-suIfonamide) phenyl 2-azo-S-amino-l-naphthol 
5,7-disulfonic acid (compound 2816), produced 
evident inhibition of the development of e.xperi- 
mcntal tuberculosis in guinea pigs observed over 
a period of six weeks. Sulfanilamide, sulfa- 
pyridine. sulfathiazole and sulfathiazoline showed 
no appreciable effect under the same conditions 
of experimentation. Judged from mortality and 
histologic change, Promin produced the most 
beneficial results. 

Penicillin, penatin and e.xtracts of Raulin- 
'rhom culture mediums of Penicillium notatum 
and Penicillium cyclopium were e.xamined by 
Smith and Emmart for their bacteriostatic 
action against tubercle baeillus in vitro, tor their 
inhibiting action of tubercle formation on chorio- 
allantoic membrane of the chick embry o and for 
their chemotherapeutic effectiveness against ex- 
perimental guinea pig tuberculosis. Extracts of 
the culture medium of P. notatum gave good but 
variable inhibition of growth of tubercle bacilli 
in glycerin bouillon. .\11 the preparations tested 
appeared to have some activity in reducing the 
extent of tubercle fonuation on the chorio- 
allantoic membranes but did not decrease the 
incidence of infection. Penicillin exhibited no 
effect on experimental tuberculosis in the guinea 
pig; a slightly favorable effect was obtained with 
extracts of the culture mediums of P. notatum. 
At l)est, the chemotherapeutic activity of these 
preparations was slight compared with some of 
the sulfones previously investigated by the 
authors. 

Schwartz studied 4 rabbits given sub- 
arachnoid-suboccipital injections of tubercle 
bacilli. Meningitis, meningomyelitis. radiculitis, 
ganglionitis and tuberculoma develojted. Follow- 
ing a review of the literature on experimental 
spinal tuberculosis, the autlior stresses the tact 
that in man the least, frequent localization of 
tuberculoma is in the spinal cord. For the devel- 
opment of tuberculoma, not only the duration of 
the infection but probably the type and the dose 
of bacilli play a part. In most of the rabbits, 
paresis, paralysis and muscular atrophy devel- 
oped. This is explained by the greater infiltra- 
tion at. the level of the cauda equina, which 
regulates motor sensibility and trophism of the 
hindlegs. This localization also favors limita- 
tion of the infection. 

Hinshaw. Feldman and Pfuetze studied 
evidence based on the administration of pro- 

188. Smith. M. I., and Emmart E. W. : Action of 
Penicillium Extracts in Experimental Tuberculosis. 
Pub. Health Rep. 59:417-423 (March 31) 1944. 

189. Schwartz, L. : Experimental Tuberculosis, Dia 
med. 16:204-206 (March) 1944. 


{Foair.otcs continued on r.ejri pcr;e) 



JEX KI XS-CLARKE— gelatin: SPOXGE 


255 


The most recent of the absorbable liemostatic 
materials is gelatin sponge or foam.“ This is 
prepared from ordinary commercial gelatin, 
■which is made up in a solution, to which a 
hardening agent is added. After bubbles of air 
are introduced, the mixture is allowed to dry in 
pans. It can then be cut into any desired size 
or shape. The material which has been used for 
experimental purposes has been provided in 
sealed glass jars previously subjected to steriliza- 
tion with dr\’ heat. The gelatin sponge is a white 
crisp material which is extremely light in weight. 
One cubic centimeter weighs 9 mg. The sponge 
will take up many times its weight of water when 
it is submerged and the air bubbles expressed. 


additional factor in this evaluation, the gelatin 
sponge was used without thrombin. 

.\ scries of 12 dogs was operated on by ordinary 
aseptic surgical technic with ether anesthesia, .•\iter 
the abdomen had been opened, incisions were made 
2 cm. long and 1 cm. deep in the liver, the kidneys 
and the spleen. The brisk hemorrhage which resulted 
from these incisions was controlled by p&cking the 
moistened gelatin sponge into the incision and holding 
it in place for about two minutes with ordinary- 
moistened gauze. When the gauze was removed, the 
gelatin sponge was usually adherent in the incision and 
the bleeding stopped. Sometimes there was oozing 
from the ends of the incision, which was arrested by 
laying another piece of gelatin sponge over the length 
of the incision and covering the previously applied 
sponge. Gelatin sponge was also implanted in the 



Fig. 2. — Gelatin sponge in liver after seven days. There is a wide zone of polymorphonuclear leukocytic invasion 
of the sponge at its junction with the liver, the parenchyma of which does not appear to exhibit any inflammatory- 
reaction. The sponge appears to have undergone a considerable degree of absorption, as only- fragments remain near 
the liver. 


When moistened, the gelatin sponge shrinks and 
becomes soft and pliable. It easily adjusts itself 
to any irregularities in the surface to which it is 
applied. It does not fragment easily, although 
it is not especially tough. 

experimext.-vl study 

An experiment was devised primarily to deter- 
mine the behavior of the gelatin sponge in the 
tissues of animals and the response of the tissues 
to the gelatin. To avoid the introduction of an 

11. Correll, .T. T., and Wise. E. C. : Certain Prop- 
erties of a New Physiologically Absorbable Sponge, 
Proc. Soc. Exper. Biol. & Med. 58:233, 1945. 


omentum and in the rectus muscle near tlie abdominal 
incision. The animals were killed at periods vary-ing from 
two to fifty--six days after the implantation. Two of the 
animals died at two and three days respectively. 


At autopsy the sponge could usually be easily 
identified in the short term implants as a red 
soggy mass. In the omentum there was an area 
of induration, in the center of which the sponge 
could be found if the omentum was cut across 
at this point. In the abdominal wall one could 
usually detect a small area of induration along 
the peritoneal surface (the sponge w-as put 
between the posterior sheath and the rectus 
muscle) which when cut revealed the sponge. 

^ After a week or ten davs it w-as often difficult to 

bT. LUKES hospital 
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length of the extremity should be made and an 
epiphysial arrest should be done in the opposite 
extremity at the appropriate time. 

Mordasini discusses the planogram as a val- 
uable addition to the conventional roentgenograms 
in the diagnosis of tuberculosis in bone. A 
positive diagnosis can l>e made earlier. Tin's 
technic is more useful in the frontal than in the 
lateral planes in tuberculosis of the spine. Case 
rcixirts show that the early spinal lesion is not 
in the anterior part of the vertebra but that it 
starts in the central or the posterior portion of 
the body of the vertebra. Narrowing of the 
intervertebral spaces appears later. 

[Ed. Note. — The laminagraph has been 
proved to he of value in the detection of areas of 
tuberculosis of the vertebrae at the New York 
Orthopaedic Dispensary and Hospital.] 

Meng'and Wu reviewed 70 cases of tuber- 
culosis of flat bones of the vault. 40 of which had 
sufficient data for a definite diagnosis. Of the 
40 cases. 20 were proved histologically and 5 by 
guinea pig inoculation or culture; 15 had suffi- 
cient clinical signs to justify the diagnosis. 
Eighty per cent of the patients were under 20 
years of age. There were 23 men and 17 women. 
Trauma was not important or essential but may 
have been contributor.-. Eighty-five per cent 
had associated tuberculous lesions, and 30 per 
cent had pulmonar)- tuberculosis. Most lesions 
were, therefore, secondan- hematogenous lesions 
starting in the diploe, and the tables were in- 
volved by extrusion. Two types of lesion are 
recognized : (a) the circumscribed (perforating) 
type of Volkmann (3S cases) and (b) the diffuse 
(infiltrating) type of Koenig (2 cases). There 
was a single lesion of the skull in 23 cases and 
multiple lesions in 17 cases. Alost frequently 
involved were the frontal and the parietal bones 
because they contain a greater amount of cancel- 
lous bone. The onset was insidious, with onl}- 
swelling evident. Pulsation of the mass indicates 
perforation of both tables. Differential diagnosis 
includes lipoma, sebaceous cyst, syphilis and 

194. Mordasini, E. : Beitrag zur Tomographic der 
Knochen und Gelenke iinter besonderer Berucksichti- 
gung der Knochen und Gelenktuberkulose, Schweiz, 
med. ^Ychnschr. 74:123 (Feb. 5) 1944. 

195. Meng, C. M., and Wu, Y. K.; Tuberculosis of 
the Flat Bones of the Vault: Fortj- Cases, Chinese 

.1. 61:155-171 (-A.pril-June) 1943. 


tumor. Results of roentgenologic e.xamination 
are not typical and show only a round or oval 
single or a multiple punched-out defect. .Aspira- 
tion is helpful. Treatment should be complete 
excision without drainage in the absence of a 
sinus, and the dura should be let alone. Hisrh 
voltage roentgen ravs are sometimes of benefit. 

Some of the causes of painful shoulder with 
radiation of the pain into the arm are discussed 
by Cohn.''”^ No attempt is made to classify all 
the conditions which cause painful shoulder, but 
the diseases mentioned, with illustrative cases, 
are as follows: hypertrophic arthritis of the 
cervical portion of the spine, carcinoma metas- 
tasis to the cervical portion of the spine, 
herniated cervical intervertebral disk and tuber- 
culosis of the cervical portion of the spine. The 
author also directs attention to these conditions 
which may be responsible for pain in the 
shoulder, i. e., cervical rib, the various neuritides 
and local lesions of the shoulder region, includ- 
ing arthritis, periarthritis, bursitis and tears of 
the supraspinatus tendon. careful and de- 
tailed physical and roentgenographic examina- 
tion is stressed as a necessary means of securing 
an accurate diagnosis. 

The author obser\-es that referred pain in 
tuberculosis of bones and joints is a common 
symptom, and any complaint referable to the 
shoulder, especially in the absence of definite 
phr-sical abnormalities, should make one suspi- 
cious of a lesion of the cervical portion of the 
spine. Roentgenographic studies of the cerr-ical 
portion of the spine should always be made in 
cases in which pain in the shoulder is the symp- 
tom, especially when local signs are absent, 
because not infrequently advanced changes will 
be noted on the roentgenogram even when the 
patient does not complain of S 3 -mptoms referable 
to the neck. The author believes that the modus 
operandi of the referred pain in many cases of 
tuberculosis of the cervical portion of the spine 
is due to compression of the nerve roots hr- 
tuberculous granulation tissue. The referred 
pain, as a rule, promptly responds to immobiliza- 
tion of the cerr-ical portion of the spine in a 
plaster cast. 

196. Cohn, B. N. E. : Painful Shoulder Due to 
Lesions of Cervical Spine, .A.m. J. Surg. 66:269-274 
(Nov.) 1944. 


VIII. CHROXIC .ARTHRITIS 
PREPARED BY JOHN G. KUHXS, M.D., BOSTON 

The appearance of arthritis and rheumatic services for their treatment. The newer anti- 
fever in the armed forces has spurred further biotic substances have been carefully studied in 
investigation and the development of special attempts to prevent or relieve these diseases. 
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however, there was only a slight invasion of the 
sponge by polymorphonuclear leukocytes. In 
addition, there were also lymphocytes and some 
plasma cells in the peripheral portions. 

After a week or more, the predominant cells 
invading the gelatin sponge were macrophages. 
There was little tendency for the formation of 
foreign body giant cells, such as one sees fre- 
quently in microscopic sections of suture mate- 
rial such as cotton, silk, linen or chromic surgical 


tion became fibrous. In the longer term implants, 
the fibrous tissue appeared to invade the periph- 
ery of the sponge where absorption had occurred 
as a result of the acti\-ity of the macrophages. 

In some of the sections there was evidence of 
the surgical gut suture material which had been 
used to hold the implant in place. The tissue 
response to the gut was invariably more pro- 
nounced than that obser\'ed for the gelatin 
sponge. 



Fig. 4. — Gelatin sponge in liver after trvent\ -three days. The gelatin sponge is separated from the normal-appear- 
ing liver cells by a thin zone of fibrous tissue which merges with and in\-ades the peripheral portion of the sponge. 
The interstices of the sponge are filled with red blood cells in some areas, and there are a moderate number of macro- 
phages tliroughout. Polymorphonuclear leukocytes are scarce. There is some thinning out of the walls of the cav- 
ernous spaces and some collapsing of the walls, indicative of a moderate degree of absorption. 


gut. These macrophages did not form a dense 
mass of cells, such as one sees at the site of ab- 
sorption of chromic surgical gut, but rather a 
more evenly dispersed grouping of cells through- 
out the .interstices of the sponge (figs. 4. 5 
and 6). 

Fibroblast response was usually observed 
within a week, producing a definite encapsula- 
tion of the sponge. Subsequently this encapsula- 


The absorption of the gelatin sponge was 
apparently most rapid in the presence of poly- 
morphonuclear leukocjTes, which appeared to 
produce a liquefaction of the gelatin sponge. In 
some such instances, the absorption had pro- 
gressed almost to completion within twelve days. 
On the other hand, most of the implants showed 
evidence of a slower absorption, which appeared 
to be carried out by macrophages and which 
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iainagc. Tliirly-t'our cashes are reported. 6 in 
ictaii. 1 iie patients had nniltijile iiillainniatioii, 
vith suhsidence of all symptoms between attacks. 
The cause was unknown. Usutilly the e.\nm- 
'uatiou of tite blood ijave normal results, and the 
'rythrocyte sedimentation rate was nornial. 
Attacks provoked only transient slii^ht elevations 
■11 the sedimentation rate. Pathologic e.'camina- 
ion of joints showed an increase in polymorpho- 
nuclear leukocytes in the synovial membrane. 
There might be a fihro]iuruleut exudate. 
Between attacks, tissues of the joints revealed 
no siguiticaut evidence of inllammation. Treat- 
ment for the most jxart was symittomatic. usually 
heat and analgesics during attacks. Of 27 pa- 
tients followed. 15 per cent were well. 44 per 
cent had improved and 26 per cent were in the 
same condition. Three patients were worse, and 
1 had died. Xot a single joint in these patients 
had been crippled. 

[Ed. Note. — The diagnosis of palindromic 
rheumatism should he made with groat caution. 
Rlieumatoid arthritis often develops slowly. 
I have recently seen 3 patients who had been 
studied in a large medical clinic and whose dis- 
ease had been diagnosed as palindromic rheu- 
niatisni. These patients later showed pronounced 
deformities and articular damage.] 

Research projects have considered various 
phases of etiologr-, pathology- and treatment of 
chronic arthritis. Wainc and his associates 
attempted to determine whether any toxic or 
infectious substance was excreted in the urine 
by patients suffering from rheumatoid arthritis. 
E'rine from patients with active rheumatoid 
arthritis was passed through a filter, and 1 cc. 
was injected subcutaneously into the abdomens 
of 3 rats four times a week. Some of the urine 
'vas extracted with 70 per cent alcohol after 
absorption with kaolin. The extract was 
evaporated under a vacuum. The residuum 
was taken up in sterile isotonic solution of 
sodium chloride to make 5 cc. and adjusted to 
Pn 7.4. One cubic centimeter was injected into 
each of 3 rats. Urine was also extracted with 
chloroform and evaporated under a vacuum. 
This was taken up in sesame oil and injected 
into 3 rats. The animals were killed in four 
months. No significant lesions were found. 
Rosenberg and co-workers report the causes 

^Aaine, H. ; Bauer, AV., and Bennett, G. .A..: 
Effect of Subcutaneous Injection of Urine and Urinary 
"tracts from Patients with Rheumatoid Artliritis into 
■Rats, .T. Lab. & Cim. Med. 29:19-20 (Jan.) 1944. 

206. Rosenberg. E. F. ; Baggenstoss. .A. H., and 
Hench, P. : Causes of Death in Thirtr Cases of 
Rheumatoid Arthritis, .Ann. Int. Med. 20:903-919 
(.Tune) lO-lU* 


of tlcath of 30 patients suffering from rheu- 
matoid arthritis. They found pulmonary disease 
the most common, causing death of 11 patients 
in this series. Cardiac disease was the cause for 
0 jiaticnts; 7 of these jiatients had rheumatic 
heart disease. Renal disease was the cause of 
death of 3 iiatients. intestinal disease of 2, and 
miscellaneous causes of 5 — cinchophen hepatitis, 
accidental death, carcinoma of the prostate, 
sudden unexplained death and cause unknown. 
The authors feel that there may be a relationship 
hetween unrecognized early rheumatic fever and 
the large number of deaths from cardiac disease. 
In only 10 of the patients was death in any way 
a result of the arthritis. Bayles and Riddell 
studied the li])emia in three groups of patients 
with rheumatoid arthritis — 10 patients receiving 
the usual nonspecific therapy. 11 receiving gold 
salt therapy and 4 whose arthritis was com- 
plicated by pregnancy. They found the total 
lipid, total cholesterol and phosphatide levels of 
the plasma and the lipid ratio normal in persons 
with active rheumatoid arthritis. Practically no 
change was noticed in the patients receiving gold 
salts. The lipemia of pregnant arthritic patients 
was similar to that of normal pregnant women. 
The amelioration observed on arthritis by preg- 
nancy was not dependent on a correction of a 
lipid deficiency or on a shift in lipid ratios. 

To determine the to.xicity of gold salts. Frey- 
berg and his associates injected equivalent 
amounts of gold into rats, using compounds 
varring widely in their chemical and physical 
properties. They found that large doses of 
soluble gold salts (much larger than therapeutic 
doses) cause severe damage to renal tubules 
and glomeruli. The severin' of the pathologic 
changes was in direct proportion to the amount 
of gold injected. No other organs showed 
important pathologic clianges. Suspensions of 
gold in oil produced lesions in proportion to the 
solubilin' of the gold. Colloidal gold caused 
little renal damage, but reticuloendothelial cells 
packed with gold were observed in the liver and 
spleen after its injection. The dosage of gold 
could not be controlled by stud}' of the plasma 
concentration of gold. In gold dermatitis, 
biopsies of the skin showed about the same 
amount of gold in the skin as was found in the 
skin of patients receiving gold who had no 

207. Bayles, T. B., and Riddell. C. B. : Plasma Lipids 
in -Arthritis Patients Receiring Gold Salt Therapy and 
During Pregnanev, Am. J. M. Sc. 208:343-350 (Sept.) 
1944. 

20S. Freyberg, R. H. : Block, AV. D., and Preston, 

AAy S. : Gold Toxicity in Relation to Gold Salt Ther- 
apy for Rheumatoid .■Arthritis. J. .A. M. .A. 124:800 
(Alarch) 1944. 
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this hemostatic suhstaiice. Bleeding from tooth 
sockets can he controlled hy gelatin sponge. 

The most hopeful use for the gelatin sponge 
might be as a first aid measure in militant- com- 
bat to pack into bleeding wounds when facilities 
are not available for the immediate treatment of 
the wounds. The use of a penicillin solution to 
moisten the sponge may have sufficient merit 
that it will be possible to control bleeding as well 
as infection until the patient is evacuated to a 
point where facilities permit more adequate care. 

There is one point about gelatin sponge which 
must be considered, the fact that gelatin per se is 
an e.xtremely good culture medium for bacteria 
and the introduction into contaminated wounds 
of a substance which would aid the growth of 
bacteria would not be without its limitations. It 
must be considered also that it is desirable to 
avoid or minimize the use of foreign material in 
a wound if possible. However, if one has the 
possibility of a troublesome hematoma to con- 
sider, there is justification for utilizing a sub- 
stance which appears to present fewer hazards 
to the healing of the wound than a large Iiema- 
toma. 


SUMM.\RY 

1. Gelatin sponge or foam was found to be a 
relatively bland substance which usuall}’ under- 
goes absorption by the phagocytic action of 
macrophages over a period of about five weeks. 

2. The presence of a conspicuous number of 
polymorphonuclear leukoc\-tes would generally 
lead to rapid absorption of the sponge within a 
few dat's to a week, by a liquefaction process. 

3. The magnitude of the tissue reaction to the 
gelatin sponge during the period of absorption 
was generally less than that obsen-ed for surgical 
gut. 

4. Gelatin sponge has a definite hemostatic 
action per se when applied to bleeding surfaces 
with moderate pressure. 

COXCLUSION'S 

Gelatin sponge or foam appears to have prop- 
erties which make it suitable as an absorbable 
hemostatic substance and deser\-es clinical trial 
in the varied fields of surgery to furtlier evaluate 
its merits and limitations. 
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[Ed. Note. — This is a ^ve!l considered pro- 
gram for treatment in early rheumatic disease. 
Treatment cannot be standardized because of the 
multiplicitj' of possible causes and complicating 
factors, but a general outline such as this is 
helpful. Unfortunately, physicians norv get 
patients late in tlieir disease, when a long period 
of medical and surgical rehabilitation is required. 
It rUll probably require a long period of lay and 
professional education before this program can be 
applied effectively.] 

In therapeutic attempts against chronic arthri- 
tis, the newer antibiotic substances have been 
used, with indifferent success. Boland and his 
collaborators report on the use of penicillin 
in the treatment of active rheumatoid arthritis in 
an army hospital. In rheumatoid artliritis hemo- 
h-tic streptococci have always been under 
suspicion. The blood usually contains antibodies 
against streptococci, usually agglutinins, in high 
titer. The skin is usuallj’ hypersensitive to 
extracts of hemol3-tic streptococci. Ten men 
were treated for whom die diagnosis of rheuma- 
toid arthritis was definite and in whom the 
damage was not so severe that irreversible 
changes in the articular tissues had taken place. 
These patients were given 1,200,000 to 3,200,000 
Oxford units daily. The penicillin was given 
ever)' three hours for from fourteen to twenty 
days. There were no untoward reactions, and 
the changes obser\-ed were slight. In 8 patients 
there were no subjective or objective changes. 
One patient felt worse. In 1, slight subjective 
improvement was found. In 1, there was 
moderate 'subjective and objective improvement. 
Results of laborator)' tests, including leukoc)-te 
count, sedimentation rate and cultures and 
smears for bacteria in the synorial fluid remained 
unchanged. The appetite improved in 6 of the 
10 patients. The authors felt that penicillin was 
not of value in the treatment of rheumatoid 
arthritis. 

Powell and Rice used penicillin in treat- 
ment of rats which had arthritis caused by a 
pleuropneumonia-like organism. Treatment ndtli 
penicillin was ineffective. Gold sodium thio- 
malate (Myocr)-sine) was effective in controlling 
the artliritis but was extremely toxic to the 
laborator)- animals. 

215. Boland, E. W. ; Headley. X. E.. and Hench, 
P- S.: Treatment of Rlieumatoid .\rthritis w-ith Peni- 
cillin, J. A. yr. A. 126:820-823 (Nov. 25) 1944. 

216. Powell, H. M., and Rice, R. H. : Ineffective 
Penicillin Chemotherapy of Arthritic Rats Infected with 
Pleuropneumonia-Like Organisms, J. Lab. & Clin. Med. 
29:372-374 (.April) 1944. 


Rawls -*• used small doses of gold thioglucose 
(Solgonal B oleosum), which contained 50 per 
cent gold, for 100 patients. Five milligrams was 
given twice a week for three weeks, 10 rag. twice 
a week for the next three weeks and then 25 mg. 
once a week. In 42 per cent of the patients toxic 
s)'mptoms developed. Half of these occurred 
before 100 mg. of gold had been given. The 
patients quickly recovered from toxic symptoms 
in such small doses. The severity and duration 
of toxic symptoms depended on the dosage. 
There were no fatalities. In 53 per cent of the 
patients there was pronounced improvement, 
with almost complete remission of symptoms. 
Twenty-one per cent were definitely improved; 
12 per cent were slightly improved. 

Kennedy used subcutaneous deposits of a 
sulfonamide compound in powder form in treat- 
ment of chronic infectious arthritis. He believes 
that in chronic rheumatoid arthritis the affected 
joints and lymph glands become metastatic septic 
foci. For these patients he uses a drachm 
(3.9 Gm.) or more of sulfanilamide powder 
subcutaneously in the affected limb. He states 
that improvement was obseiwed in 3 chronic 
cases. 

Neostigmine to relieve muscular spasm in 
rheumatoid arthritis was used by Trommer and 
Cohen on 19 patients. One cubic centimeter 
of neostigmine methylsulfate (in a dilution of 
1 : 2000) and 0.6 mg. of atropine sulfate were 
given ever)' other day. In addition 7.5 to 45 mg. 
of neostigmine bromide tvith 0.6 to 1.2 cc. of 
tincture of belladonna were given daily. Thirteen 
patients showed decreased muscular spasm, and 
motions were carried out more readily. The 
effect following injection comes on in fifteen 
minutes and may last several days. [Ed. Note. 
— The editor has observed the effect or neostig- 
mine in similar dosage on a large number of 
patients during the past two years. Any bene- • 
ficial effect obsen-ed was slight and transient. 
No lasting benefit was observed from its use.] 

The chronically swollen, painful joint is one 
of the greatest problems in arthritis. Crowe 

217. Rawls, W. B., and others: Analysis of Results 
Obtained with Small Doses of Gold Salts in Treat- 
ment of Rheumatoid Arthritis, .Am. J. M. Sc. 207:523- 
533 (April) 1944. 

21S. Kennedy, R. T. : Chronic Infective .Arthritis 
and an Experiment with Subcutaneous Deposits of 
Sulfonamide Powder, M. J. Australia 1:150-152 (Feb. 

19) 1944. 

219. Trommer, P. R., and Cohen, A . : Neostigmine 
in the Treatment of Muscle Spasm in Arthritis and 
Associated Conditions, J. .A. M. .A. 124:1237-1239 
(April 29) 1944. 

220. Crowe, H. AV. : Treatrnent of .Arthritis with 
Acid Potassium Phosphate. Lancet 1:563-564 i' April 
29) 1944. 
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Fig. 2. — A view of the epidermis from a case such as that seen under lower magnification in figure 1 
(“Paget’s disease”). Here one sees the intraepidermal malignant cells dispersed singly and in bizarre clusters 
among the epidermal cells. Note that the neoplastic cells (“Paget cells”) are generally large and have clear 
endoplasm and pyknotic nuclei, and in no instance can be demonstrated intercellular bridges between the abnor- 
mal cells and the epidermal cells. The latter characteristic is in favor of the theorj- that the abnormal cells do 
not arise in the epidermis. Note also, in this regard, that the contiguous epidermal cells are displaced and com- 
pressed by the growth of the neoplastic cells (X 400). 
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mist be followed carefully and carried out bv 
'killed technicians. It is of great help but of 
uselt does not cure. 

The role of surgical measures in the treatment 
of chronic arthritis is discussed by Colonna.-^' 
The orthopedic surgeon should be responsible for 
i'le prevention of deformity and the correction of 
whatever deformity has developed. In the hip. 
deformity develops in fle.xion and adduction, and 
osteotomy is sometimes required. In the knee 
die deformity is commonly flexion. An apprecia- 
tion of the mechanical factors leadin? to de- 

^ , o 

tomnty and the mechanical derangements induced 
by deformity is of prime importance in tlie 
rehabilitation of such patients. 

A number of papers have considered the diag- 
nosis. complications and treatment of gout. 

Sezary and co-workers state that gout is 
rarely localized to the extremities. They report 
on a patient in whom deposits of urates provoked 
inflammatory responses and required removal. 
[Ed. Xote. — Faulty diagnosis for such deposits 
IS common until pathologic examination reveals 
their true character.] 

Bauer and Klemperer discuss the medical 
management of gout. H\-peruricemia may result 
trom decreased destruction, increased formation 
or decreased elimination of uric acid. In gout 
It is probably due to limitation of renal excretion 
of uric acid. Hyperuricemia is not the sole 
cause of deposition of urates in the tissues. The 
physiochemical factors which initiate the pre- 
cipitation of urates are unknown. One cannot 
use detenninations of serum uric acid levels as a 
measure of the efficiency of treatment, nor can 
they be used to predict an attack of gout. 
Colchicum is the drug of choice, but how it acts 
IS unknown, since it does not decrease the hj-per- 
uricemia. In tlie treatment of acute gout, the 
preliminary use of a saline cathartic is recom- 
mended. Colchicine. 0 .5 mg., should then be 

Colonna, P. C. : Role of Surgery in the Chronic 
-Arthritic Patient, Clinics 2:955-965 (Dec.) 1943. 

228. Sezary, A.; Boulenger, P., and Malaujeau, P. ; 
fanaris, Presse med. 50: 386-3S7 (June 10) 1942. 

229. Bauer, W'., and Klemperer, F. : Medical Prog- 
ress m Gout. New England J. Med. 231:681-685 
(Rov. 16) 1944. 


given even,' hour until relief of st-mptoms or 
toxic symptoms appear — diarrhea, nausea and 
vomiting. Then one to two doses should be 
given daily. Fluid. 3,000 to 4,000 cc., and rest 
in bed should be given. Moist heat over the 
affected joint is helpful. The prevention of 
subsequent attacks is difficult; a low purine diet 
or a fat-free diet is ineffective, and a normal diet 
is not harmful. As far as can be determined, 
overindulgence in alcohol does not provoke an 
attack. Sezary- and his colleagues advocate 
balanced diet, avoidance of foods with high 
purine content and avoidance of obesit}-. 
Colchicine. 0.5 mg. three times a day, with high 
fluid intake, a high carbohydrate diet and 
maintenance of an alkaline urine are recom- 
mended for long periods. Salicylates, however, 
are the safest drugs. Acetylsalicylic acid. 5 to 
6 Gm. a day, may be used three days a week. 
This leads to the rapid excretion of uric add. 
-Attacks cannot be prevented by the continuous 
use of salicylates. Chronic gouty arthritis is 
least amenable to treatment. Here pain is due to 
permanent articular changes. Gout receives no 
special benefit from spa treatment. The cardio- 
A'ascular and renal complications are not pre- 
• ventable and must be treated as they appear. 

Bartels, in an analysis of the cases of 14 pa- 
tients with chronic gout, found during an eleven 
year period an average loss of twentj’ months 
from work, an average salaiy loss of $3,640 and 
medical expenses of $498. In order to prevent 
such losses, an interval treatment has been 
planned. This consists of a diet low in purine 
and fat and high in carbolwdrate, with the 
periodic administration of cinchophen. grains 
(0.48 Gm.) three times a day for three days in 
the week. Xo alcohol is permitted. Since this 
diet is low in vitamins A and B, these vitamins 
are added. At times ph^'sical therap}- is helpful. 
Thirty-one cases were studied in detail while the 
patients were on this regimen. Only seven minor 
attacks occurred, as compared with eighty-four 
major attacks during an equal period before 
treatment. 

230. Bartels, E. C. : Successful Treatment of Gout, 

J. Tennessee M. -A. 37:5-9 (Jan.) 1944. 


IX. IXFAXTILE P.\RALYSIS 
PREIPARED BV C. E. IRU'IX, M.D., WARM SPRINGS, CA- 


Etiology. — Zahorskv’s chief purpose is to 

recall the experiments made by Dr. E. IV. 

Zahorskj-, J. : Saunders’ Theory' on the Etiologj- 
M Poliomyelitis, j. Missouri M. A. 41:162-164 (.Aug.) 


Saunders, who thirty years ago proposed his 
revolutionar}' hypothesis on the causation of 
acute anterior poliomyelitis. This hypothesis, 
as Dr. Saunders stated, was only a “working 
hypothesis,’’ to be refuted or corroborated by 
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us organic matter survi\'es more than ten times 
ais amount of residual chlorine. 

Arguments against flies playing a role in trans- 
'i'sion are as follows: 1. Flies are not invari- 
’'K' associated with the disease, as in winter 
juliomyelitis. 2. The disease would not attack 
'hildren preponderaiUly, as is the case, if it were 
1 uviiiitted primarily by the fly or any other 
hsect. One would expect just such a high inci- 
knce in children if adults were immune because 
infection — preponderant!}- abortive or non- 
i-’-ah-tic — acquired in childhood or immunit}- 
cquired by other, as yet unrecognized, means. 
The probability of obtaining virus from flies 
' -fj^ed in epidemic areas would appear to be 
good as that of cfotaining it from stools and 
certainly better than that of finding it in naso- 
phaiyngea! washings. 

Contact infection is admittedly a means of 
spread, but that it is “the most important means” 
has not been proved to the authors’ satisfaction. 
Seasonal incidence cannot be explained in this 
way (epidemics fade out when school opens). 
The rarit}- of hospital infection from patient to 
patient and from patient to hospital personnel 
would militate against the philosophy of greater 
segregation as a solution, or even as an aid to a 
solution, to tlie problem. 

The authors e.xpress the belief that it is wise 
to keep receptive minds to evidence which may 
eventually show otlier “modes of spread of infan- 
tile paralysis,” more in keeping with present 
hnowledge of the natural histor}- of the disease. 

Horstmann, Ward and ^lelnick undertook 
a study to determine the average duration of ex- 
cretion of virus in stools of patients following 
acute infection and to ascertain whether a 
chronic carrier state similar to that occurring in 
typhoid exists in poliomyelitis. The stools of 
61 patients (46 paral}-tic and 15 nonparalytic) 
Were collected during tire first or second week 
of tlie disease and at four to six week inter\'als 
thereafter. The materials collected were frozen 
immediately or within a few hours after collec- 
tion and stored on solid carbon dioxide until 
ready to be tested. The inoculum (prepared by 
^lelnick’s technic with a few minor dianges) 
was ultracentrifuged at 39,000 revolutions per 
minute and inoculated into inunature rhesus 
nionkeys, by the intracerebral route in fift}-- 
four tests, directly into the lumbar portion of 
the cord in eighty tests and by a combination 
of the two routes in twelve. All but 2 monkeys 
were ultimately k-illed, and the result of a test 

Horstmann, D. M.; Ward, R., and Melnick, J. 

. Persistence of Virus Excretion in tlie Stools of 
Poliomyelitis Patients T A. ^f. -A. 126:1061-1062 
(Dec. 23) 1944. 


considered positive when microscopic lesions 
characteristic of poliomyelitis were seen in tlie 
spinal cord. It was found that 61 per cent 
of the patients excreted virus during the first 
two weeks after onset of the disease, 50 per 
cent during the third and fourth weeks, 27 per 
cent during the fifth and sixth weeks and 12.5 
per cent during the seventh and eighth weeks. 
Between the ninth and twenty-fourth weeks, 
virus was detected in only 1 of 52 specimens 
tested, 1 patient excreting it in the twelfth week. 
Not one of the 61 patients followed was demon- 
strated to become a persistent carrier of polio- 
myelitis virus. 

Maxcy-’® states that present day conceptions 
of epidemiolog}' of polfom 3 -eIitis rest in a large 
part on the obsen-ations made in Norway and 
Sweden toward the end of tlie nineteenth cen- 
tur}- and during the early part of this century, 
which are available in the classic monograph of 
Ivan W'ickman, published in English transla- 
tion in 1913. Studies in the United States 
began with tlie reports of Dr. Charles S. Caverley 
on the occurrence of anterior poliomyelitis in 
the state of \'ermont in 1894 and were continued 
by Flexner and Lewis after the 1907 epidemic 
in New York and by W, H. Frost after the 

1910 outbreak in Minnesota and Nebraska, the 

1911 occurrence in Iowa, the outbreak in Cin- 
cirmati in 1911 and in Bufiialo and Bataria, 
N. Y., in 1912. The largest epidemic which 
tliis country has experienced occurred in and 
about the city of New York in 1916 and was 
studied in great detail by three officers of the 
LTnited States Public Health Service. C. H. 
Lavinder, A. W. Freeman and W. H. Frost. 
Since the publication of their report, the large 
number of contributions from investigators in 
this count}- and abroad have served to confirm, 
amplify and extend the basic obsen-ations, 
although the net advance has been relatively 
small. 

After review of available morbidit}- and mor- 
talit}' data, witli considerations of their limita- 
tions in mind, the following brief interpretations 
regarding broad general characteristics appear 
to be valid : 

1. The disease is worldwide in distribution. 

2. From no human community is the disease 
long absent. 

3. Transmission can occur in any montli of 
the year. 

236. Alaxcy, K. F. : A Reriew of the Epidemiologj- 
of Acute Anterior Poliomyelitis with Reference to the 
Mode of Transmission, Journal-Lancet 64:216-223 
(July) 1944. 



COSTIll.I.O-C.lXCliR .1X1) -P.! GUT'S DIST.-ISP OP BREAST" 


273 


icn, is an intracpiclcrnial carcinoma wliicli is 
riinary, as opposed to the “Paget” type of 
hangc. which is secondary. In the former, all 
le characteristics of the ]irimary carcinoma arc 
resent and intercellular bridges may he found. 

3. Simple Eccciuo . — In simple eczema the 
licroscopic changes in the epidermis arc oh- 


perplasia. desquamation, edema and hydropic 
degeneration of epidermal cells. 

One finds vesicle formation on the surface, 
parakeratosis (nucleation of cells in the exfolia- 
tive layer), acanthosis (thickening of the epi- 
dermis). interstitial edema and chronic inflam- 
matory cell infiltration. 



Fig. 7. — Intraepidermal metastatic carcinoma ('“Paget’s disease") resulting from extension by continuity of 
adenocarcinoma from underlying breast. Here one can see carcinoma cells arranged in strands filling inter- 
stices and lymphatics of the corium. .At some points invasion through the basal layer into the epidermis can 
be seen, and in the layers of the epidermis are seen changes typical of “Paget's disease.” These abnormal 
intraepidermal cells are identical in detail with the carcinoma cells found in the corium and the breast tissue 
(X 140). 

viously not those of malignant processes (fig. 6). 4. Squamous Carcinoma .- — Of the 1.430 rad- 

The basis of the process is inflammation, with ical mastectomies perfonned at Barnard Hospital 
secondaiy- epidermal changes resulting from hy- for carcinoma of the breast, in onlv 3 were there 
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deuce suggested tliat infection occurred at time 
of birth or shortly thereafter. 

Kruinbiegel."^* in discussing the transmission 
of virus diseases (specifically poliomyelitis) b\' 
water, states that pathogens causing commun- 
icable diseases known to be spread by water 
usually enter the body via the gastrointestinal 
tract and leave in feces or urine or both. Ac- 
cumulated weight of evidence points toward 
the gastrointestinal tract as the probable portal 
of entry, and there are an increasing number 
of investigators leaning toward tbe belief that, 
although poliomyelitis is essentially a disease 
aft'ecting the centra! nervous system, it may be 
a “digestive tract disease” in that the virus 
may enter the body through one end of the 
tract and leave by way of the opposite end. 
^ irus is found repeatedly in stools during the 
second and third weeks of convalescence fol- 
lowing paralytic or abortive attacks. Stools are 
kmown to have contained virus for as long as 
one hundred and twenty-three days. The virus 
IS exceedingly stable, suiwiving a 50 per cent 
solution of glycerin for eight years, and it with- 
stands low dilutions of phenol and 15 per cent 
ether. It is not surprising, therefore, that it 
may be demonstrable in sewage. The activated 
sludge method of treating sewage is effective 
m removal or destruction of the virus of polio- 
myelitis. , The ^•irus remains active for as long 
as one hundred and fourteen daj's in sterile 
water at room temperature in the dark. It also 
withstands freezing. Coagulation and sedimen- 
tation seem to produce a slight reduction in 
the total amount of virus in any suspension, 
proportional to the amount of virus present. 
Sand filtration has little if any effect. The addi- 
tion of activated charcoal to the suspension is 
partly effective, and the addition of alum floe 
to the suspension greatly reduces the amount 
ot vims. Chlorination studies are inconclusive, 
as they were not comparable to methods em- 
ployed b\- water purification plants. To date, 
epidemiologic eridence fails to indicate that 
■water is biologically of any importance as a 
medium of transmission. It would be necessarj' 
to show that tlie behavior of poliomyelitis in 
some places or at some times is dependent on 
contaminated water. This has never been done, 
^(id the known epidemiologic behavior of the 
isease is definiteh' not compatible with a theor\' 
ot water-borne spread. Cold is not deleterious 
jP. virus ; hence, if water borne, poliomye- 
■fis should occur commonly in winter months, 
ksiially epidemics occur in scattered regions 
'VI th no common water supply. It the disease 

2jS. Krumbicgel, E. R.: Transmission of \Trus Dis- 
eases by Water, Bull. Hyg. 19:513 (July) 1944. 


were water-borne, there should be an explosive 
onset with large numbers of cases, which is ndt 
the case. The prevalence of tfie disease has not 
been correlated with the degree of sanitar}' care 
surrounding different water supplies as deter- 
mined by either bacteriologic examination or 
sanitary survey. 

Casey and Hidden give a most interesting 
account of George Colmer III (Kolmer: Sept. 
21, 1807-Sept. 27, 1878), a physician who was 
born in London, England, but who resided at 
Springfield, Livingston Parish, La., from 1841 
until his death, except for a short period when 
he had an office in Xew Orleans. His recently 
discovered “Diar}- C” covers the period from 
1849 to 1878 (“Diaries A and B” have not been 
found) and records local and national events, 
clippings from medical and la}' journals, pam- 
phlets and advertisements, daily and careful ob- 
servations on weather, flood stages, flowering 
of various plants, occurrence of various epi- 
demics, local meetings and local news, such as 
births, deaths and marriages, obseiwations on 
garden vegetables, fishing, prize-winning stocks 
and crops. Another volume, the daily journal 
of his medical practice from about 1842 to 1878. 
records brief abstracts of the histor}-. physical 
examination and treatment of his patients, in- 
cluding two pages of periodic notes on his own 
physical condition. Dr. Colmer was civic 
minded and did much for his community, includ- 
ing the building and running of a slave hospital 
in which the daily board was SI and the medical 
fees in accordance with the malad}'. His great- 
est contribution, however, seems to be his 
observations on the epidemiolog}* of poliomye- 
litis. Paralysis in children was noted in Phila- 
delphia in 1792 during an epidemic of yellow 
fever, and 4 cases were noted by Badham in 
Workshop, England, in 1S35. The pathologic 
changes of poliomyelitis were first described by 
Heine in 1840, but the first epidemic of the 
disease to be reported an^-where in tlie world 
occurred in 1841 in West Feliciana Parish, La., 
some 30 miles (48 Km.) from Springfield. La., 
and was published in The American Journal 
of the Mrdical Sciences by Dr. Colmer in 1843. 
His obsen-ations tliat the disease occurred in 
the form of an epidemic in a small rural area 
in late summer and fall, that_ it largely affected 
children of the teething age (1 to 2 years), that 
it was associated witli paralysis and that most 
of the youngsters eventually recovered have not 
been much improved on during the past hun- 
dred years. His additional note that teething 

239. Casey, -A.. E., and Hidden. E. H.: George Col- 
mer and t!ie Epidemiologj- of Poliomyelitis. Soutii. Jf. 

J. 37:471-477 (Sept) 1944. 
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vliether it oriijinatcd in acinar or duct cells, 
n only S of the 29 cases in this series was there 
in intraductal carcinoma. 

EXTR.\M.\MM.\RY “P.\GET’s DISE.\SE‘’ 

In 1937 H. A. Weiner " reviewed the 57 cases 
.Inch until that time had been reported as in- 
tances of “extramammary Paget’s disease.’’ He 
so presented the details of a case of his own. 
In his patient, he too was able to demonstrate 
ihat the intraepidermal cells were, in truth, neo- 
ijlastic cells extending from a subjacent aiwcrinc 
gland carcinoma of the vulva. Following a crit- 
ical study, he concluded that only 15 of the 
57 cases so reported entailed sufficient evidence 
(microscopic examination) to warrant such a 
diagnosis. In all the acceptable cases the changes 
occurred in the skin of the areas (axilla and ano- 
genital regions) in which the apocrine sweat 
glands are present. Of these 15 cases. 9 pre- 
sented definite evidence of carcinoma elsewhere 
than in the epidermis, and this in each instance 
was a glandular carcinoma. In the remaining 
G cases, either no mention was made of cancer 
or no adequate examination to discover its pres- 
ence was performed. Others have reported in- 
traepidermal metastatic carcinoma associated with 
epithelioma, melanoma and rectal carcinoma. 
Such an obseiwation has led Drake and Whit- 
field and Civatte (cited by Weiner) to propose 
that “Paget’s disease of the skin’’ is a nevocar- 
cinoma.” Actually, however, a variety of tumors 
have produced the phenomenon, and it is un- 
reasonable to postulate that all such metastases 
must be explained on the basis of one particular 
type. 

COMMEXT 

From the evidence obtainable some tenable 
conclusions may be drawn : 

1, Intraepidermal metastatic carcinoma has 
been repeatedly seen as an accompaniment of 

14. Weiner, H. A.; Paget’s Disease of the Skin 
and Its Relation to Carcinoma of the .‘\pocrine Sweat 
Glands, Am. J. Cancer 31:373-403 (Nor.) 1937. 

15. The intraepidermal presence of lUcques and clear 

cells in junction n^pe nevi and in melanomas has been 
repeatedly observed. The clear cell of the junction 
nevus is easily differentiated from the "Paget cell.’’ 
Opinion varies here, again, as to the nature of this 
intraepidennal cell, though from the evidence at hand 
it appears that the cell originates in the epidermal layer 
and does not represent an invasion into it. (Becker, 
S. II’. : Cutaneous Melanoma : Histologic Study, 

Especially Directed Toward the Study of Melanoblasts. 
••Irch. Dermat. S: Syph. 21:SlS-^5 [May] 1930. 
Nicolau. S.: Sur le phenomtoe de migration cellulaire 
intra-epidermique dans le nevocarcinome. -■Inn. de dermat. 
et syph. 1:74^762 [July] 1930. Traub, E., and Keil, 
H. : The “Common Mole." .-Irch. Dermat. & Svph. 
41:214-252 [Feb.] 1940.) 


\-arious types of malignant disease variously 
situated. Some of these metastases have been 
demonstrated as occurring by varialile routes, 
viz., direct extension, ductal extension or by 
way of lympliatic channels. 

2. The inaccuracy of e.xplaining all such intra- 
cpidermal metastatic malignant growths on the 
basis of a single type of carcinoma is evident, 
since the\’ may occur from underhdng breast 
carcinoma, from epithelioma, from melanoma, 
from apocrine gland carcinoma and possibly from 
others. 

3. Much of the difficulty which has arisen in 
regard to this picture is the result of eponymic 
labeling of the disease. While due credit should 
be attributed to Sir James Paget for first calling 
attention to the relationship between carcinoma 
of the breast and an eczema-like lesion of the 
nipple, the term “Paget’s disease" has proved 
unfortunate because it has defeated the very pur- 
pose of illustrating this relationship. The placing 
of all such lesions into a group and labeling them 
“Paget’s disease’’ has confused not only the 
clinician who desires to know what he is treating 
in order that he may treat it adequately but also 
the pathologist who attempts to theorize on the 
basis of 1 or several cases as to the nature of 
what he believes must be an entiw, “Paget’s 
disease." 

One purpose back of the presentation of this 
stud}' is to recommend that the terms "Paget’s 
disease of the breast’’ and “extramammary 
Paget’s disease” be abandoned altogether. The 
fact that the cells called “Paget cells” are car- 
cinoma cells has been established. Xo Wpical 
and acceptable case of "Paget’s disease’’ which 
has been adequately studied can be found that 
is not associated with carcinoma. It is essential 
to the welfare of such patients, then, that their 
maladies be recognized as cancer at the earliest 
possible stage, that is, when the cells are seen 
in the skin and not when the patient returns 
with obvious progression following inadequate 
treatment. When carcinoma cells are discovered 
in a benign epidermis, they should be called car- 
cinoma cells rather than “Paget cells.” In the 
case of breast lesions, the clinician could and 
should then treat the malady as a carcinoma 
primar}' in the breast, irrespective of palpable 
mass. In 41 per cent of 29 cases there was 
no palpable mass when the diagnosis of the skin 
was made, and yet adenocarcinoma of the breast 
was demonstrated microscopically. Thus, earlier 
recognition and earlier treatment of carcinoma 
in such cases will result. 
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0 simulate otlier disease. Tlie critical findings 
It difterential diagnostic value depend on signs 
of cord, brain and nerve irritation and must 
ie supported by physical findings. These are 
ometiuies so extremely variable and changeable 
- they may be detected only by careful, de- 
' berate and repeated e.xaminations. The most 
"I jortant sign is nuchal rigidity, which is 
'companied with or followed by spinal tender- 
ness. Keniig's sign may appear early or not. 
Deep reflexes are present but variable (hyper- 
active to sluggish). The muscle groups or 
muscles presenting tremors are likely to be in- 
volved. Rigidity of muscles, deep tenderness, 
discrete areas of perspiration, irritation of rectal 
or vesical centers in the lumbar part of the 
cord, with resulting constipation or urine reten- 
tion, all may be demonstrated. Bulbar involve- 
ment may have a rapid onset, with difficulty in 
swallowing, impairment of pbonation, salivation 
and excessive mucous secretion, disorientation, 
delirium and coma. 


Puncture of the lumbar part of tire cord is 
of therapeutic value in reducing intracranial 
pressure. The spinal fluid is normal throughout 
the first febrile and asymptonratic stages of the 
disease. At the onset of the paralytic phase, 
the spinal fluid is clear, there is increased 
pressure, the cells may varj' from 10 to 200. 
the total protein is increased and the fluid is 
sterile on hacteriologic examination and does 
not contain tire virus. Hence, examination of 
the spinal fluid is important if the results are 
positive but not necessarily contradictor}- when 
values are normal. The blood count and sedi- 
mentation rate are not contributor}- to diagnosis. 
Differential diagnosis is important in acute 
poliomyelitis to rule out purulent meningitis, 
encephalitis, St. Louis encephalitis and occa- 
.sionally acute arthritis. The cardinal points of 
early diagnosis are : ( 1 ) awareness of poliomye- 
litis, (2) historv- of febrile attack a few days 
previously, (3) headache and fever. (4) nuchal 
rigidit}- and spinal tenderness, (5) spasm, tremor 
or weakness in a muscle or muscle groups, 
(6) h}-peresthesia or pain. (7) reflex changes 
and (8) cerebrospinal fluid changes if positive. 
The author states that (9) tlie serious grade of 
the disease is indicated by progressive course 
and that (10) it is impossible to diagnose sub- 
clinical cases in the acute stage. 


— Lumsden,-^- in writing on the 
epidemiolog}- of poliomvelitis and measures for 
its prevention, states that the possibility of sev- 


-■t2. Lunisden. L. L. : Poliomyelitis : Its Epidem 
and Measures for Its Prevention. Texas Rep. B 
Med. 1:233-241. 1943. 


eral specific viruses of poliomyelitis is given 
weight by the fact that strains of the virus ob- 
tained in different outbreaks present pronounced 
differences biologically, serologically, immuno- 
logically and otherwise. There are many pos- 
sible modes of transmission, but none are 
conclusit-e. Preventive measures suggested are: 
(1) cleanliness and maintenance of cleanliness 
(hygiene and sanitation) ; (2) systematic, in- 
tense and continuous fights on rats, mice, flies, 
mosquitoes, roaches, fleas, bedbugs, ants, insects 
and vermin; (3) strict sanitation regarding 
disposal of garbage, manure and excreta of 
poultry and birds ; (4) screening of living and 
sleeping quarters; (5) purified water supplies 
and sanitar}- sewage systems with final disposal ; 
(6) rigid sanitar}- and hygienic supen-ision of 
public eating and drinking places; (7) educa- 
tional campaign to discourage potential droplet 
infection (coughing, sneezing, spitting, blowing 
and wiping) ; (8) reasonable discouraging of 
public assemblages by children under 6 years, 
and (9) restraining of young children from 
undue physical stress. Qosing of schools, 
churches and theaters, as is often demanded by 
misled public opinion, is unjustified; placard- 
ing of the affected homes is advisable; proper 
isolation of patients is advisable to guard against 
superimposed infections. There should be rigid 
disinfection of discharges from nose and mouth 
and feces. Quarantine is not justified except 
for food handlers and persons in close contact 
with large numbers of children. 

Pathology. — Dublin, Bede and Brown re- 
port their findings on studies of muscles taken 
for biopsy from 3 patients with poliomyelitis 
and stained by the Ranvier method. They ob- 
ser\-ed a degeneration of nerr-e fibers, motor end 
plates and muscle fibers in a degree commen- 
surate with the degree of paralysis ; an irregu- 
larit}- of distribution in keeping with an irregu- 
laritv of distribution of injur}- to nen-e cells 
of the gray matter of the spinal cord; a degen- 
eration of nerve fibers, consisting largely in 
failure of axons to stain together with preser- 
vation of cellular elements of capsules of motor 
endings and of sheaths of Schwann : atrophy of 
muscle fibers appearing as pyknosis. beginning 
with loss of cross striations and increase of 
longitudinal markings; degeneration of muscle 
and ner\-e ranking probably secondar}- to injury 
to nerve cells of the spinal cord, and no definite 
evidence of activity of degeneration or regen- 
eration. 

243. Dublin. \V. B.; Bede, B. A., and BrouTi, E. 
Pathologic Findings in Xerve and Muscle in Polio- 
myelitis. .A.ni. J. Clin. Path. 14:26<5-272 IMayl 1944. 
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oing rcfriilar work on the farm. The pins were rc- 
loved in the oflice at the end of eipht weeks. 

Case 3 (figs. 4 and 5). — The patient was a man, aged 
S. A roentgenogram sliowcd a transverse fracture of the 
ight mandible at the jnnetien of tlic horizontal and the 
'cending ramus which transverscsl the entire width of 
he bone, splitting the alveolus of the wisdom tooth. 
I here was a dislocation inward of the proximal frag- 
The third molar in the crevice was cxtracteil 
■ four pins inserted, two horizontally and two verti- 



Fig. 4. — Perfect alinement of an angle -fracture. 



Fig. S. — Placement of pins in an angle fracture. 

cally. This patient, as well as tlie preceding patient, 
had an excellent resultant bite. 

Case 4 . — A young woman, aged 28, was injured in 
an automobile accident. She had a shattering fracture 
of inferior mandible at tlie left mental foramen. She 
also suffered a crushing fracture of the left superior 
maxilla, with tlie left alveolar process pushed up to the 
left orbit. In addition, there were fractures of tlie 
right femur and both ankles. The patient was in a 
state of physical and mental prostration. Her mandible 
was fixed by skeletal fixation first. Her mental and 
physical condition cleared at once after the comfortable 
and permanent fixation of this painful fracture. Three 
days later the shattered fragments of the left superior 


maxilla were molded. The loss of the upper left central 
incisor, lateral incisor, cuspid, first bicuspid, second 
bicuspid and first molar greatly weakened the area. 
The sc-cond and third molars were brought into aline- 
ment and held in position by a Straith mouth piece. 

screw was placed in the left inferior orbital ridge, 
and this was held out by a bar from a Straith head 
splint buried in plaster. .-Vfter these fractures were 
fi.xcd the other fractures were corrected. The superior 
maxilla fractures were healed in six weeks ; the inferior 
mandible was held firmly in place for eight weeks. 
Roentgenograms then showed the fracture firmly healed 
and so the pins were removed. Prosthetic restoration 
was satisfactory both from the esthetic and the func- 
tional standpoint. 

Case 5 (figs. 6 and 7 ). — A girl, aged 18, was a pas- 
senger in a pleasure car which was in head-on collision. 
She suffered no injuries other than four fractures of 



Fig. 6. — Four fractures of mandible, bilateral con- 
dylar, left angle, and sj-mphysis crushed. 


Fig. 7. — Close-up showing how pins were placed to 
hold all fragments. The plaster cap and supporting 
rod were used for ten days, as the masseter muscles 
were so bruised that the patient could not keep her 
mouth closed, and she complained of her throat becoming 
dry. In ten days this plaster cap was removed and all 
motions of the jaw were freely permitted. 
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2 cases of Bell's palsy followed by a case of 
paralytic poliomyelitis in the same family is 
highly improbable, it is suggested that the virus 
of poliomvelitis may have involved the nucleus 
of the seventh cranial nerve, just as it is known 
to attack the anterior horn cells of the spinal 
cord. Four years after the onset of the disease, 
both sisters exhibited a slight residual paralysis 
of the face and the brother a persisting flaccid 
paralysis of the right leg. 

That additional information might be gained 
on the relation of tonsillectomy to poliomyelitis 
the records of the Manhattan Eye. Ear and 
Throat Hospital were consulted, and many thou- 
sands of patients for whom tonsillectomy had 
been performed were communicated with by mail. 
Page=^' reports on these data along with the 
records secured from the Xew York Department 
of Health, which showed a conspicuous increase 
in the number of poliomyelitis cases ever\- other 
year as follows : 243 cases in 1937. 43 cases in 
1938, 1S4 cases in 1939, 67 cases in 1940 and 
404 cases in 1941. Of the 27.849 questionnaires 
sent out from the hospital, 8,915 were answered, 
and 1 instance of poliomyelitis was reported. 
Seven patients reported illnesses following tonsil- 
lectomy and adenoidectomy. and all of these 
mentioned some spinal involvement; 6 reported 
spinal meningitis (three months to four years 
after operation) and 1 a “'spinal condition which 
causes nen-ousness” in a child aged 6. 

Howe, Wenner, Bodian and Z^Iaxcy report 
on the different teclinic used for demonstrating 
rirus in the human nose and throat, wliich was 
employed at the Xew Haven Hospital in the 
summer of 1943. The attempt to varj' the 
method employed in the past was made, since 
the attempts of the earlier years have been vir- 
^ally abandoned in the face of readily isolated 
intestinal rirus. Cotton swabs rubbed against 
the posterior wall of tire oropharjmx and the 
peritonsillar area were dropped into a fluid-tight 
container with 1 cc. of sterile water, stored on 
solid carbon dioxide and then eluted in phos- 
phate buffer at />h 8, the fluid being pressed 
Out of the cotton in a syringe. The eluate was 
then brought to />« 6 and treated with 20 per 
cent ether in the refrigerator until sterile (usu- 
ally thirty-six hours), at which time the ether 
i\as removed. The entire inoculum obtained 
(m no cas e more than 1.1 cc.) was given to 

A J. R. : Tonsillectomy and Poliomyelitis. 

• Otolarjmg. 39:323-324 (.April) 1944. 

'^Tenner, H. -A.; Bodian, D.. and 
K. F. : Poliomvelitis Virus in the Human Oro- 

‘wryn.y. Pro^,. Soc. Exper. Biol. & Med. 56:171-173 

I Mirift \ 1 rv » • * 


rhesus monkeys of S to 10 pounds (3.6 to 
4.5 Kg.) under ether anesthesia through a 
trephine hole made over the sagittal suture just 
posterior to the coronal sutures. An average 
of two swabs were obtained from 10 patients 
(paralytic or nonparal\-tic) during the first week 
of tlie acute illness. Fourteen spedmens were 
used from the twenty collected, and seven (50 
per cent) produced typical poliomyelitis in the 
test rhesus monkeys, ilffcroscopic sections 
showed characteristic lesions in each case. 

Surgical Treatment . — Debrunner discusses 

a case of poliomyelitis in which not only organs 
and tissues were adapted to changed function 
but function itself was adjusted to changes in 
structure. -4. 4 year old girl with residual 
paralysis in the left leg, slight Trendelenburg 
position, pes cairns and pronounced paralysis in 
the heads of both biceps muscles and in the 
gluteal muscles was obserred. In tlie foot there 
was a total paralysis of tlie anterior tibial and 
pronounced weakening of both other supinators. 
Her gait was impaired by faulti- position of the 
foot, bearing weight only on the inner margin. 
She had received no planned treatment. To raise 
the foot, a small support was made from a 
plaster cast, which permitted walking in good 
position. After a year the support had to be 
altered slightly. ’.4. year later, when the mother 
came for repair of tlie support, it was noted 
that the impression of the sole had been changed 
to that of a normal foot. It is of special interest 
that a muscle of only secondair* importance for 
the posture mechanism of the foot was brought 
into use for gait automatism. It is suggested 
that deformity- might be prevented by training 
motor function. 

Wiesenfeld reviews the results of 17 cases 
of posterior bone block operations : 52.9 per 
cent were done bi' Briggs’s modification of the 
Campbell bone block and 35.2 per cent were 
done by Gill’s procedure. All the patients had 
had previous foot stabilizations. Of the series. 
11.9 per cent had a combination foot stabilization, 
tendo achillis lengthening and posterior bone 
block. The results were considered excellent 
in 88.2 per cent of tlie patients operated on. 
There were two failures : in the first patient a 
painful arthritis of the ankle joint developed, 

249. Debrunner. H. : -A Case of Physiologic Func- 
tional .Adaptation of Plantar Muscles in Residua! 
Parali-sis, Schweiz, med. Wchnschr. 73:965 (.Aug. 7) 
1943. ' 

250. Wiesenfeld. P. C. : Report of Seventeen Cases of 
Posterior Bone Block for Drop-Foot Seen and Treated 
at the Xew Jersey Ortliopaedic Hospital. Orange. X. J.. 
from 1933 to 1943. T. M. Soc. Xew Jersey 41:3— -346 
(Sept.) 1944. 
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ication ot the hips. The authors believe that 
’e dislocations are tlie result of the neural 
cfect produced by the spina bifida. They point 
ut that in severe forms it is accompanied with 
'ther anomalies: ancnccphaly. hydrocephalus, 
alipes equinus and others. The abnormality 
uost commonly occurs in the lumbosacral region, 
aid the neurologic signs manifest themselves in 
he lower limbs. Oftai one group of muscles 
:how fair power, whereas antagonists may show 
'omplete paralysis. This was the condition in 
'■-3 cases presented. Urinary incontinence and. 
less frequently, fecal incontinence are present, 
t wo types of dislocation are distinguished : ( 1 ) 
-he endogenous, in which there is a develop- 
mental arrest in the acetabular roof, and (2) the 
dynamic, in which abnormal forces are present, 
e. g., relaxation of the hip ligaments and im- 
balance of the muscle. The dislocation usually 

176. Xathanson, L., and Lewitan, .-y. ; Spina Bifida 
-Associated witli Dislocation of the Hip, Am. I. 
Roentgenol. 51:633-638 (May) 1944. 


occurs in the absence of power of the abductor 
and c.\ternal rotator muscles. In the latter cases, 
maldevclopment of the acetabulum due to dis- 
use follows. 

Roberts emphasizes the necessity of con- 
structing the shelf or buttress above the head 
of tile femur in such a manner that the new 
portion of the acetabulum is molded on top of 
the head and continues the arc of the circle 
which is present in the original acetabulum. 
(Ed. Note. — It is often necessarv' to reUse the 
arc of an oblique acetabulum by reflecting the 
roof downward.] He describes the method of 
open reduction and of closing the capsule with 
sutures so that the capsule overlaps the margin 
of the newly constructed shelf. He employs a 
bone strut to fix the iliac bone flap in firm con- 
tact with the head. 

177. Roberts, F. B. : Plastic Shelf Operation for 
Dislocations of the Hip, Ohio State M. J. 40:650-656 
(July) 1944. 


VII. TUBERCULOSIS OF BOXES ,\XD JOINTS 

rREP.\RED BV .\L.\X DEFOREST SMITH, M.D., AND ST.\FF OF THE NEW YORK 
ORTHOPAEDIC DISPEXS.\RY AND HOSPIT.YL, XEW Y'ORK 


During 19-14 there were comparatively few 
articles on the subject of tuberculosis of bones 
and joints of sufficient interest to include in a 
review of progress. However, it is encouraging to 
note an increase in experimental studies toward 
developing inhibiting or bacteriostatic agents that 
may be effective against tuberculosis. The effect 
of a number of sulfonamide compounds, includ- 
ing Diasone and promin, has been studied by a 
number of investigators, both in the laboratorj- 
and on human patients. The results appear to 
justify the hope that some important result 
may be expected, although the subject still is in 
the experimental stage. 

In a study by Fetter and Prenzlau,^'® Diasone 
(disodium formaldehyde sulfoxylate diamino- 
diphenyl sulfone) was therapeutically admin- 
istered to 78 tuberculous patients for periods 
ranging from sixty to two hundred and seventj-- 
five days. Seventy-two of the patients had pul- 
monary lesions, 5 had lesions of bones and joints 
and 1 had genitourinarj^ lesions. The drug was 
given orally to all patients and applied locally- 
as well to empyema carities and abscesses about 
joints. The dose was usually 0.33 Gm. with 
meals (1 Gm. per day). Toleration was im- 
proved if the drug was started at 0.33 Gm. per 

17S. Fetter, C. K., and Prenzlau, W. S. : Observa- 
tion on Clinical Application of Diasone in Human 
Tuberculosis (Eight Month Studv), Illinois M. J. 85: 
188-197 (April) 1944. 


day for three days, increased to 0.66 Gm. for the 
next three to five days and tlien raised to the 
standard dose of 1 Gm. per day. Enteric-coated 
capsules gave less gastric disturbance. Evidences 
of toxicity were headache, gastric upset, palpita- 
tion, malaise, occasional visual disturbances and 
“blue skin.” Also noted in some patients were 
an increase in temperature and an increase in 
cough and expectoration at the onset of treat- 
ment. None of these reactions were alarming in 
severit)', none were unbearable and none irre- 
versible. In 3.7 per cent of the cases, the drug 
was stopped because the patients preferred not 
to experience the unpleasantness of reactions. 
Studies of tlie blood showed an average initial 
drop from 4.700,000 1*04 cells and 12.5 Gm. of 
hemoglobin to 2,700,000 red cells and 8.8 Gm. 
of hemoglobin in the third and fourth weeks and 
then a gradual rise to about 4,000,000 red cells 
and 10.3 to 11 Gm. of hemoglobin. Depression 
of the total leukoc}’te count did not occur, and 
neutropenia was not obsen’ed. Eridences of 
damage to the kidne)'s or liver were not obser\-ed 
clinically or by histologic study in 4 cases coming 
to autopsy after twelve to sevent 3 --two days of 
full doses of the drug. With administration of 
1 Gm. of Diasone daih-, blood levels were main- 
tained between 1.5 and 2 mg. per hundred cubic 
centimeters. In a small group of cases, the con- 
centration of “free” Diasone in the blood ranged 
from 1.7 to 2.5 mg., in the cerebrospinal fluid 
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The tcdinique docs not use a bone graft in relation 
: joint, and thus Uicre is avoided friction of the 
against tlie articular condyles of the femur. 

The operative procedure is relatively simple. 

The re-establishing of the normal statics of the 
is accomplished by reversing the angulation 
s' the metaphysis in a direction opposite to that 
; acquired deformity and to approximately the same 
e. 

There is no disturbance of or interference with 
lusculaturc of the knee. 

LD. Note. — I do not believe that Steinmann 
are necessary. Only one Kirschner wire 
ceded to maintain the upper fragment in 
^extension. If a tongue of bone is left 
:hed to the lower fragment, the second pin 
)t necessary and one is assured of good bone 
act and good apposition of the fragments, 
important point that was not brought out 
liat genu recurvatum does not occur as a 
le deformit}-; there is usual!}' some genu 
tim and external torsion as well as the recur- 
im deformity. All three deformities can be 
ected at one procedure if after completing 
transverse osteotomy one rotates the distal 
nient in such a manner that the external 
ion, genu valgum and genu recurvatum are 
■ected and then with a Gigli saw removes the 
ropriate wedge of bone from the distal frag- 
it, the sawed surface being parallel with the 
surface of tlie upper fragment. A descrip- 
I of this procedure can be found in The J ounial 
'he American Medical Association for Sept. 
1942.] 

layer,-®® %vriting on the significance of the ilio- 
tal fascial graft in the treatment of paral}'tic 
3rmities of the trunk, describes three t}'pes. 
deformities being classified according to the 
lerlying muscle imbalance. In the first, there 
^ unilateral paralysis of all the muscles of the 
ok. This produces a scoliosis with convexit} 
die paralyzed side and a dovTiward tilt of the 
vis. This deformit}' leads to fixed pelvic 
'quit}'. The second is due to the paralysis of 
Vernal and internal oblique muscles, but the 
idratus lumborum muscle remains normal, so 
^t there is no pelvic obliquity. In tlie third 
'0 there is paralysis of abdominal muscles on 
^ sides, producing a downward tilt of the 
Ivis and an exaggerated lumbar lordosis. He 
des that these deformities are not always clear- 
but that two of these classifications may be 
:sent in one deformity. He stresses the im- 

■53. Mayer, L.: The Significance of tlie Iliocostal 
?cial Graft in the Treatment of Paral.vtic Deiorrmhes 
the Trunk, T. Bone & Joint Surg. 26:_a/--/I 
Pril) 1944. 


portance of early detection of these deformities 
followed by early treatment which comprises 
"well leg traction,” pulling down on the elevated 
side of the pelvis and pushing up on the depressed 
side. This “well leg traction” may or may not 
be combined with a Risser type of tumbuckle 
jacket. He describes in detail the iliocostal fas- 
cial transplant which passes from the crest of the 
ilium to the ninth rib on the same side. Spinal 
fusion alone is not adequate to control these 
deformities, because if the muscle imbalance is 
allowed to remain the scoliosis will promptly re- 
cur. Spinal fusion, however, is an important part 
of the treatment in correcting the three types of 
deformities he describes with which there is an 
exaggerated lumbar lordosis. It is not clearcut 
when a spinal fusion or a fascial graft should 
be combined. His rule is to do the fasdal graft 
first and observe the patient at three month 
intervals, and if the scoliosis increases as much 
as 10 degrees then a spinal fusion should be 
done. He reports 38 cases in which forty-six 
grafts were done. The results were good or 
excellent in 30 cases. 

[Ed. Note. — I cannot conceive of a fixed 
paral}’tic pelvic obliquity in the cases described 
under the first classification, wherein the defor- 
mity is confined to the trunk and can be cor- 
rected by fascial transplant alone. In these 
deformities the pelvis is not only oblique but 
displaced to one side. One must remember 
that a normal person when taking a step main- 
tains the pelvis in a level position by the ab- 
ductor muscles pulling down on the weight- 
bearing side, assisted by the lateral trunk groups 
pulling up on the opposite side, the femoral 
head being the fulcrum. When there is a paraly- 
sis of the trunk muscles on either side, this 
balanced system is disrupted. In all these cases 
there is a severe functional -imbalance involving 
the side below the pelvic level on the side to 
which it is displaced and diagonally on the oppo- 
site side or trunk above the pelvic level. I have 
always done a Soutter fasciotomy to release the 
tight hip abductor muscles on the low side of 
the pelvis, followed by "well leg traction” in 
the attempt to restore the pelvis to its normal 
position. Then a fasdal transplant is done on 
the same side. The pelvis cannot be restored 
to its original position in true fixed pelvis ob- 
liquity any more than one can completely correct 
the scoliosis with rotation. It is surprising how 
tl-,e walking of these persons is improved by 
simply doing a subtrochanteric osteotomy on 
the high side of the pelvis and shifting the femur 
nearer the midline.] 
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length of the extremity should be made and an 
epiphysial arrest should be done in the opposite 
extremity at the appropriate time. 

Mordasini discusses the planogram as a val- 
uable addition to the conventional roentgenograms 
in the diagnosis of tuberculosis in bone. A 
positive diagnosis can be made earlier. This 
technic is more useful in the frontal than in the 
lateral planes in tuberculosis of the spine. Case 
rcixirts show that the early spinal lesion is not 
in the anterior part of the vertebra but that it 
starts in the central or the posterior portion of 
the body of the vertebra. Narrowing of the 
intervertebral spaces appears later. 

[Ed. Note. — The laminagraph has been 
proved to he of value in the detection of areas of 
tuberculosis of the vertebrae at the New York 
Orthopaedic Dispensary and Hospital.] 

Mengland \Vu reviewed 70 cases of tuber- 
culosis of flat bones of the vault. 40 of which had 
sufficient data for a definite diagnosis. Of the 
40 cases. 20 were proved histologicalh’ and 5 by 
guinea pig inoculation or culture; 15 had suffi- 
cient clinical signs to justify the diagnosis. 
Eighty per cent of the patients were under 20 
years of age. There were 23 men and 17 women. 
Trauma was not important or essential but may 
have been contributor}.-. Eighty-five per cent 
had associated tuberculous lesions, and 30 per 
cent had pulmonar)- tuberculosis. Most lesions 
were, therefore, secondan- hematogenous lesions 
starting in the diploe, and the tables were in- 
volved by extrusion. Two types of lesion are 
recognized : (a) the circumscribed (perforating) 
type of Volkmann (38 cases) and (i>) the diffuse 
(infiltrating) type of Koenig (2 cases). There 
was a single lesion of the skull in 23 cases and 
multiple lesions in 17 cases. ^lost frequently 
involved were the frontal and the parietal bones 
because they contain a greater amount of cancel- 
lous bone. The onset was insidious, with onl}- 
swelling evident. Pulsation of the mass indicates 
perforation of both tables. Differential diagnosis 
includes lipoma, sebaceous cyst, syphilis and 

194. Mordasini, E. : Beitrag znr Tomographic der 
Knochen und Gelenke iinter besonderer Berucksichti- 
gung der Knochen und Gelenktuberkulose, Schweiz, 
med. ^Ychnschr. 74:123 (Feb. 5) 1944. 

195. Meng, C. M., and Wu, Y. K,: Tuberculosis of 
the Flat Bones of the Vault: Fortr Cases, Chinese 
^f. .1. 61:155-171 (.4pril-June) 1943.' 


tumor. Results of roentgenologic examination 
are not typical and show only a round or oval 
single or a multiple punched-out defect. .Aspira- 
tion is helpful. Treatment should be complete 
excision without drainage in the absence of a 
sinus, and the dura should be let alone. High 
voltage roentgen rays are sometimes of benefit. 

Some of the causes of painful shoulder with 
radiation of the pain into the arm are discussed 
by Cohn.''’® No attempt is made to classify all 
the conditions which cause painful shoulder, but 
the diseases mentioned, with illustrative cases, 
are as follows : hypertrophic arthritis of the 
cervical portion of the spine, carcinoma metas- 
tasis to the cer\-ical portion of the spine, 
herniated cervical intervertebral disk and tuber- 
culosis of tlic cerr-ical portion of the spine. The 
author also directs attention to these conditions 
which may be responsible for pain in the 
shoulder, i. e., cervical rib, the various neuritides 
and local lesions of the shoulder region, includ- 
ing arthritis, periarthritis, bursitis and tears of 
the supraspinatus tendon. careful and de- 
tailed physical and roentgenographic examina- 
tion is stressed as a necessary means of securing 
an accurate diagnosis. 

The author obser\-es that referred pain in 
tuberculosis of bones and joints is a common 
symptom, and any complaint referable to the 
shoulder, especially in the absence of definite 
phj-sical abnormalities, should make one suspi- 
cious of a lesion of the cervical portion of the 
spine. Roentgenographic studies of the cervical 
portion of the spine should always be made in 
cases in which pain in the shoulder is the symp- 
tom, especially when local signs are absent, 
because not infrequently advanced changes will 
be noted on the roentgenogram even when the 
patient does not complain of S 3 -mptoms referable 
to the neck. The author believes that the modus 
operand! of the referred pain in many cases of 
tuberculosis of the cervical portion of the spine 
is due to compression of the nerve roots hr- 
tuberculous granulation tissue. The referred 
pain, as a rule, promptly responds to immobiliza- 
tion of the cer^'ical portion of the spine in a 
plaster cast. 

196. Cohn, B. N. E. : Painful Shoulder Due to 
Lesions of Cervical Spine, .A.ni. J. Surg. 66:269-274 
(Nov.) 1944. 


VIII. CHROXIC -ARTHRITIS 
PREPARED BY JOHN G. KUHXS, M.D., BOSTON 

The appearance of arthritis and rheumatic services for their treatment. The newer anti- 
fever in the armed forces has spurred further biotic substances have been carefully studied in 
investigation and the development of special attempts to prevent or relieve these diseases. 
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[n tliree papers by Roscnow, the same idea 
3ut the Streptococcus is expanded and enccph- 
.Is is considered as a kindred entity to polio- 
elitis. He calls attention to the fact that onlv 
eptococci with neurotrophic properties inher- 
t or induced will yield “neurotrophic” virus. 

: suggests that the relation between the strep- 
rocci and the virus in encephalitis and polio- 
•elitis is phasal rather than synergistic. In 
)st instances the streptococci were of the alpha 
;)e. He describes a cutaneous reaction, a pre- 
)itation test, results of agglutination preced- 
es and the other qualities of immunity and 
tigen sensitivity. 

Milzer and colleagues -''® report that the Lan- 
ig strain of virus is inactivated in less than 
le second’s exposure to ultraviolet rays and 
at the inacti\'ated virus could he used as a 
icdne to prevent the disease in motikeys and 
mice. 

[Ed. Note (J. A. T.). — Before such a vac- 
ne is tried, there is need for more and cor- 
Jborative evidence.] 

ileyer believes that there is an inflamma- 
on of the walls of the jugular vein in patients 
■ith poliomyelitis. Avhich responds promptly to 
le application of leeches over the inflamed jug- 
lar vein. . 

[Ed. Note (J. A. T.). — There is no evidence 
0 support this conception.] 

Kramer, Geer and Szobel tested the effects 
•f innumerable agents for their viricidal activ- 
h' — so far as barbiturates, dyes, organometallic 
•ompounds, sulfonamide compounds and a host 
chemicals (one hundred and sixty items m 
dl) were employed, with negative results. 

[Ed. Note (J. A. T.). — This is an important 
md fundamental piece of work.] 

Rosenow, E. C. : Filterable Infectious .Agent 
oteined from Alpha Streptococci Isolated in Studies 
of Poliomyelitis, Am. J. Clin. Path. 14:519-533 
f ct.) 1944 - Specific Streptococcal Antibody-Antigen 
in Poliomyelitis : Preliminary Report, Proc. 

Meet., Mayo Clin. 19:444-448 (.Aug. 23) 1944: 
“dies on Virus Nature of Infectious .Agent Obtained 
rom Four Strains of “Neurotropic” Alpha Strepto- 

J. Neri-. & yfent. Dis. 100:229-262 (Sept.) 1944. 
'her, A. ; Oppenheimer, F., and Levinson, 
Production of Potent Inactivated Vaccines with 
P^'’’olot Irradiation: .Abbreviated Preliminary Re- 
ort on Completely Inactivated Vaccine (Lansing Strain 
in :Mice, J. .A. M. A. 125:704-705 (July S) 

Poi^^ ^^oyer, O. : New Principle in Treatment of 
Intemat. Bull. M. Research & Pub. Hyg. 
^«-P:3-9, 1944. 

Ci]^' Kranier, S. D. ; Geer, H. .A., and Szobel, D. .A.; 

Therapeutic .Action of Wide 
y-- ^ Chemical Compounds on Two Neurotropic 
f^o\A 194 ^'°"® in Alice. T. Immunol. 49:273-314 


Toomey believes that sulfonamide com- 
pounds sliould riot he given to patients uh'th 
poliomyelitis, since experiments show an ag'grar 
vation of tlie disease wlien’ these drugs are’ given 
to c.xperimental animals. 

Ehricli and Foster repeated histologic 
studies of mouse poliomyelitis and found it to 
he the same as that described hj- Lillie, Arm- 
strong. Jungehlut and Sanders. There is good 
correlation between the histologic changes in the 
central nervous system and the clinical signs. 

Jungehlut showed that two strains of hu- 
man poliomyelitis virus and Theiler’s mouse 
encephalemyelitis virus revealed overlapping in 
cross neutralization and in antiviral immune 
serum tests, reciprocal in some but not so in 
others. He obtained evidence of group spec- 
ificity after intracerebral tests and of strain 
specificity after intraperitoneal tests. He be- 
lieves that all virus previously referred to could 
he classed under a “poliomyelitis group.” 

Paul found that grivet and vervet monkeys 
are more susceptible to poliomyelitis virus than 
are baboons, and he feels that they are satis- 
factory- animals to work with in experimental 
poliomyelitis. 

Rasmussen and colleagues showed that 
mice fed an adequate diet save for various levels 
of riboflavin showed no consistent differences 
to infection with Theiler’s virus. In experiments 
with the Lansing strain, there was slight but 
definitely greater resistance in the deficient 
group. 

ilcCormick has for a long time been of 
the opinion that thiamine deficiency has some- 
thing to do with poliomyelitis and that there is 
an affinity between beriberi and poliomyelitis. 

Lichstein and co-workers showed that mice 
fed rations deficient only in calcium panto- 
thenate have increased resistance to Theiler’s 
encephalitis but the course of the disease fol- 
lowing infection with the Lansing virus is not 
influenced. 

269. Toomey. J. .A.: Treatment of Poliomvelitis, J 
A. AI. A. 126:49 (Sept. 2) 1944. 

270 Ehrich, W. E., and Foster, C. : E.xperimental 
Poliomyelitis in Mice : Obser\-ations on Its Genesis and 
. on Histologic Changes, .Arch. Path. 38:365-369 (Dec.) 
1944. 

271. Jungeblut, C. W. : Serologic Relationships M'ithin 
Poliomvelitis Group of Viruses, Am. J. Pub. Health 
34:259-264 (Alarch) 1944. 

272. Paul, J. R. ; Susceptibility of East African 
Monkevs to E.xperimental Poliomvelitis, Yale J. Biol. 
& Med 16:461-466 (May) 1944. 

273. Rasmussen, .A. F., Jr.; Waisman, H. .A., and 
Lichstein, H. C. ; Influence of Riboflavin on Suscepti- 
bilit}- of Mice to E.xperimental Poliomyelitis, Proc Soc. 
Exper. Biol. & Afed. 37:92-95 ,(Oct.) 1944. 

{Fcofr.ofcs eontir.ucd or. r.tjrt 
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[Ed. Note. — This is a ^ve!l considered pro- 
gram for treatment in early rheumatic disease. 
Treatment cannot be standardized because of the 
multiplicitj' of possible causes and complicating 
factors, but a general outline such as this is 
helpful. Unfortunately, physicians norv get 
patients late in tlieir disease, when a long period 
of medical and surgical rehabilitation is required. 
It rUll probably require a long period of lay and 
professional education before this program can be 
applied effectively.] 

In therapeutic attempts against chronic arthri- 
tis, the newer antibiotic substances have been 
used, with indifferent success. Boland and his 
collaborators report on the use of penicillin 
in the treatment of active rheumatoid arthritis in 
an army hospital. In rheumatoid artliritis hemo- 
h-tic streptococci have always been under 
suspicion. The blood usually contains antibodies 
against streptococci, usually agglutinins, in high 
titer. The skin is usuallj’ hypersensitive to 
extracts of hemol3-tic streptococci. Ten men 
were treated for whom die diagnosis of rheuma- 
toid arthritis was definite and in whom the 
damage was not so severe that irreversible 
changes in the articular tissues had taken place. 
These patients were given 1,200,000 to 3,200,000 
Oxford units daily. The penicillin was given 
everj' three hours for from fourteen to twenU' 
days. There were no untoward reactions, and 
the changes observ’ed were slight. In 8 patients 
there were no subjective or objective changes. 
One patient felt worse. In 1, slight subjective 
improvement was found. In 1, there was 
moderate 'subjective and objective improvement. 
Results of laboratorj' tests, including leukocj-te 
count, sedimentation rate and cultures and 
smears for bacteria in the synorial fluid remained 
unchanged. The appetite improved in 6 of the 
10 patients. The authors felt that penicillin was 
not of value in the treatment of rheumatoid 
arthritis. 

Powell and Rice used penicillin in treat- 
ment of rats which had arthritis caused b}' a 
pleuropneumonia-like organism. Treatment \rith 
penicillin was ineffective. Gold sodium thio- 
malate (Myocrj-sine) was effective in controlling 
the artliritis but was extremely toxic to the 
laboratorj- animals. 

215. Boland, E. W.; Headley. N. E.. and Hendi, 
P- S.: Treatment of Rlieumatoid .Arthritis w-ith Peni- 
cillin, J. A. yr. A. 126:820-823 (Nov. 25) 1944. 

216. Powell, H. M., and Rice, R. H. : Ineffective 
Penicillin Chemotherapy of Arthritic Rats Infected w-ith 
Pleuropneumonia-Like Organisms, J. Lab. & Clin. ifed. 
29:372-374 (.April) 1944. 


Rawls -*• used small doses of gold thioglucose 
(Solgonal B oleosum), which contained 50 per 
cent gold, for 100 patients. Five milligrams was 
given twice a week for three weeks, 10 rag. twice 
a week for the next three weeks and then 25 mg. 
once a week. In 42 per cent of the patients toxic 
s}Tnptoms developed. Half of these occurred 
before 100 mg. of gold had been given. The 
patients quickly recovered from toxic symptoms 
in such small doses. The severity and duration 
of toxic symptoms depended on the dosage. 
There were no fatalities. In 53 per cent of the 
patients there was pronounced improvement, 
with almost complete remission of symptoms. 
Twenty-one per cent were definiteh' improved; 
12 per cent were slightlj' improved. 

Kennedy used subcutaneous deposits of a 
sulfonamide compound in powder form in treat- 
ment of chronic infectious arthritis. He believes 
that in chronic rheumatoid arthritis the affected 
joints and lymph glands become metastatic septic 
foci. For these patients he uses a drachm 
(3.9 Gm.) or more of sulfanilamide powder 
subcutaneouslj' in the affected limb. He states 
that improvement was obser\-ed in 3 chronic 
cases. 

Neostigmine to relieve muscular spasm in 
rheumatoid arthritis was used by Trommer and 
Cohen-*® on 19 patients. One cubic centimeter 
of neostigmine methylsulfate (in a dilution of 
1 : 20CX3) and 0.6 mg. of atropine sulfate were 
given ever}' other day. In addition 7.5 to 45 mg. 
of neostigmine bromide trith 0.6 to 1.2 cc. of 
tincture of belladonna were given daily. Thirteen 
patients showed decreased muscular spasm, and 
motions were carried out more readily. The 
effect following injection comes on in fifteen 
minutes and may last several days. [Ed. Note. 
— ^The editor has observed the effect of neostig- 
mine in similar dosage on a large number of 
patients during the past two years. Any bene- • 
ficial effect obsen-ed was slight and transient. 
No lasting benefit was observed from its use.] 

The chronically swollen, painful joint is one 
of the greatest problems in arthritis. Crowe 

217. Rawls, W. B., and others: Analysis of Results 
Obtained with Small Doses of Gold Salts in Treat- 
ment of Rheumatoid Arthritis, .Am. J. M. Sc. 207:523- 
533 (April) 1944. 

218. Kennedy, R. T. : Chronic Infective , .Arthritis 
and an Experiment with Subcutaneous Deposits of 
Sulfonamide Powder, M. J. Australia 1:150-152 (Feb. 

19) 1944. 

219. Trommer, P. R., and Cohen, A . : Neostigmine 
in the Treatment of Muscle Spasm in Arthritis and 
Associated Conditions, J. .A. M. .A. 124:1237-1239 
(April 29) 1944. 

220. Crowe, H. AV. : Treatrnent of .Arthritis with 
Acid Potassium Phosphate. Lancet 1:563-564 i' April 
29) 1944. 
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interference of a virus and thus upset cellular 
tabolism. The reported interference of polio- 
elitis with the anaerobic glycolysis of the hrain 
not been confirmed. 

'fickle and Rabat claim some specific dif- 
mces in metabolism between brain tissue in- 
:ed with W'csteni equine encephalomyelitis 
I that infected with poliomyelitis. Utilization 
)X}-gen of the poliomyelitic brain is below nor- 
1 with a glucose concentration of 121 mg. per 
idred cubic centimeters ; with a concentration 
117 mg. per hundred cubic centimeters utiliza- 
1 of ox},'gen of the encephalitic brain is below 
inal, but that of the poliomyelitic brain is not. 
lier substrates were used to show a difference, 
tate-glucose, pyruvate-glucose and succinate- 
cose. 

jellhom reports investigations on the influ- 
of muscle pain on muscular incoordination, 
concludes that movements are modified in 
yisitj- and equality not onl}- by proprioceptive 
lulses but also by muscle pain. 

^abat and colleagues report a decrease in 
: lactic acid content of tlie brains of mice 
ected with poliomyelitis virus. Tliey feel tliat 
5 evidence supports the view that the virus 
y interfere with metabolism. 

Carey’s publication is fundamental and de- 
ibes the early histologic changes that occur 
the neuromuscular mechanism of experimen- 
poliomyelitis in monkeys. The early loss of 
: motor end plate was striking. He suggests 
itatively that the clianges are a result of ab- 
™al excitation of the secretor}' mechanism 
motor end plates which results in progressive 
haustion of the gold-staining axonic substance 
‘ding to deneiwation at the myoneural junction. 
Gard=®5 describes two colonies of albino mice 
which, during epizootics caused b}' Salmonella 
tentidis and Bacillus piliformis, there were 
and 5 cases of spontaneous mouse poliom 3 'e- 
is obsen'ed. The transfers were easiest when 
^de from the intestine, next easiest from the 
mph node s and then from the tissue of the 

^kkle, M., and Kabat, H. : Specificity in Effects 
! “mia Metabolism of Two Differing Neurotropic 
Med. 80:247-255 (SepL) 1944. 

“‘J- Gellhom, E. : Effect of Muscle Pain on Central 
®wous System at Spinal and Cortical Levels, Joumal- 
^cet 64:242-245 (Jub’) 1944. 

H. ; Erickson, D. ; Ekiund, C., and 
p r 1^^'^rease in Lactic Acid Content of Brain 
‘^i'oliomyelitis, Science 98:589-591 (Dec. 31) 1943. 

E. J. ; Study on Ameboid Motion and 
cretion of Motor End-Plates: Anatomic Effects of 
'omjelitis of Neuromuscular Mechanism in Monkey, 
J- Pa*. 20:961-995 (Sept.) 1944. 

' '. ^ard, S. : Obser-vations Concerning the Patho- 
'al *T die Epidemiologj- of Mouse Poliomyelitis, 
^ J- Biol. & Med. 16:467-476 (May) 1944. 


central nervous system. The involvement of 
the lymph node was stressed. 

Herrarte and Francis described several' 
methods of recovering virus from various bio- 
logic specimens. 

Bourdillon studied the sedimentation, the 
electrophonetic mobility and the serologic reac- 
tivity of purified Jungeblut’s SK adapted mouse 
strain in its two hundred and seventieth to three 
hundred and twentieth passage. The injected 
dose was always 0.03 cc. of serial dilutions. 

[Ed. Note (J. A. T.). — ^The article is a 
technical one ; suffice it to say that it is one not 
well suited for abstract.] 

Foster and Ehrich-®^ describe the technics 
which the\' used to demonstrate the alterations 
of brain and spinal cord characterizing infection 
with Lansing strain of virus in the mouse. 

Bourdillon describes in detail the methods 
of purification of virus by means of the Swedish 
angle centrifuge. 

A long article on the therapj- of poliomyelitis 
in the acute stages of the disease has been writ- 
ten by Toome}'.®®® He concludes: 

1. As first shown by Feiss,’ immobilization and splints 
are unnecessary in the acute stages of poliomyelitis. 

2. Active movement, manipulations, etc., in the acute 
stage of the disease do not harm the patient. 

3. Some form of heat should be used to bring about 
vascular dilatation in the early stages ’of the disease. 
The muscles should be moved through their normal 
arcs. 

4. Muscle reeducation plays the most important role 
in poliomyelitis therapy. It should be started early and 
should be persistently carried out over a long period 
of time. 

An excellent article by Ward is devoted to 
the epidemiologj' of poliomyelitis. He gives a 
good review of the probable epidemiologic facts 
known to date. 

289. Herrarte, E., and Francis, T., Jr.: Efforts To- 
ward Selective Extraction of Poliomvelitis Virus, J. 
Infect. Dis. 73:206-211 (Nov.-Dee.) 1943. 

290. Bourdillon, J. : Purification, Sedimentation, and 
Serological Reactions of the Murine Strain of SK 
Poliomyelitis Virus, Arch. Biochem. 3:285-297 (Feb.) 
1944. 

291. Foster, C., and Ehrich, W. E. : Demonstration 
of Lesion Produced by Experimental Poliomyelitis in 
Central Nervous System of Mouse, Arch. Path. 37: 
264-271 (April) 1944. 

292. Bourdillon, J. : Heat Inactiration of Murine 
Strain of SK Poliomyelitis Virus, Arch. Biochem. 3: 
299-303 (Feb.) 1944. 

293. Toomey, J. A.: Observations on Treatment of 
Infantile Paralysis in Acute Stage (Nathan Lewis Hat- 
field Lecture), Tr. & Stud., Coll. Physicians, Phila- 
delphia 12:14-25 (April) 1944. 

294. Ward, R.: The Epidemiology of Poliomyelitis, 

J. Bone & Joint Surg. 26:829-832 (Oct) 1944. 
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us organic matter survi\'es more than ten times 
ais amount of residual chlorine. 

Arguments against flies playing a role in trans- 
'i'sion are as follows: 1. Flies are not invari- 
’'K' associated with the disease, as in winter 
juliomyelitis. 2. The disease would not attack 
'hildren preponderaiUly, as is the case, if it were 
1 uviiiitted primarily by the fly or any other 
hsect. One would expect just such a high inci- 
knce in children if adults were immune because 
infection — preponderant!}- abortive or non- 
i-’-ah-tic — acquired in childhood or immunit}- 
cquired by other, as yet unrecognized, means. 
The probability of obtaining virus from flies 
' -fj^ed in epidemic areas would appear to be 
good as that of cfotaining it from stools and 
certainly better than that of finding it in naso- 
phaiyngea! washings. 

Contact infection is admittedly a means of 
spread, but that it is “the most important means” 
has not been proved to the authors’ satisfaction. 
Seasonal incidence cannot be explained in this 
'vay (epidemics fade out when school opens). 
The rarit}- of hospital infection from patient to 
patient and from patient to hospital personnel 
would militate against the philosophy of greater 
segregation as a solution, or even as an aid to a 
solution, to tlie problem. 

The authors e.xpress the belief that it is wise 
to keep receptive minds to evidence which may 
eventually show otlier “modes of spread of infan- 
tile paralysis,” more in keeping with present 
luiowledge of the natural histor}- of the disease. 

Horstmann, Ward and ^lelnick undertook 
a study to determine the average duration of ex- 
cretion of virus in stools of patients following 
acute infection and to ascertain whether a 
chronic carrier state similar to that occurring in 
typhoid exists in poliomyelitis. The stools of 
61 patients (46 paral}-tic and 15 nonparalytic) 
Were collected during tire first or second week 
of tlie disease and at four to six week inter\'als 
thereafter. The materials collected were frozen 
immediately or within a few hours after collec- 
tion and stored on solid carbon dioxide until 
ready to be tested. The inoculum (prepared by 
iMelnick’s technic with a few minor dianges) 
ivas ultracentrifuged at 39,000 revolutions per 
minute and inoculated into inunature rhesus 
nionkeys, by the intracerebral route in fifty- 
four tests, directly into the lumbar portion of 
the cord in eighty tests and by a combination 
of the two routes in twelve. All but 2 monkeys 
'vere ultimately k-illed, and the result of a test 

Horstmann, D. M.; Ward, R., and Melnick, J. 

. Persistence of Virus Excretion in tlie Stools of 
Poliomyelitis Patients T A. ^f. -A. 126:1061-1062 
(Dec. 23) 1944. 


considered positive when microscopic lesions 
characteristic of poliomyelitis were seen in tlie 
spinal cord. It was found that 61 per cent 
of the patients excreted virus during the first 
two weeks after onset of the disease, 50 per 
cent during the third and fourth weeks, 27 per 
cent during the fifth and sixth weeks and 12.5 
per cent during the seventh and eighth weeks. 
Between the ninth and twenty-fourth weeks, 
virus was detected in only 1 of 52 specimens 
tested, 1 patient excreting it in the twelfth week. 
Not one of the 61 patients followed was demon- 
strated to become a persistent carrier of polio- 
myelitis virus. 

Maxcy states that present day conceptions 
of epidemiolog}' of polfom 3 -elitis rest in a large 
part on the obsen-ations made in Norway and 
Sweden toward the end of tlie nineteenth cen- 
tur}- and during the early part of this century, 
which are available in the classic monograph of 
Ivan W'ickman, published in English transla- 
tion in 1913. Studies in the United States 
began with tlie reports of Dr. Charles S. Caverley 
on the occurrence of anterior poliomyelitis in 
the state of \'ermont in 1894 and were continued 
by Flexner and Lewis after the 1907 epidemic 
in New York and by W. H. Frost after the 

1910 outbreak in Minnesota and Nebraska, the 

1911 occurrence in Iowa, the outbreak in Cin- 
cirmati in 1911 and in Bufiialo and Bataria, 
N. Y., in 1912. The largest epidemic which 
tliis country has experienced occurred in and 
about the city of New York in 1916 and was 
studied in great detail by three officers of the 
United States Public Health Sem'ce. C. H. 
Lavinder, A. W. Freeman and W. H. Frost. 
Since the publication of their report, the large 
number of contributions from investigators in 
this county and abroad have served to confirm, 
amplify and extend the basic observations, 
although the net advance has been relatively 
small. 

After review of available morbidity and mor- 
tality data, witli considerations of their limita- 
tions in mind, the following brief interpretations 
regarding broad general characteristics appear 
to be valid : 

1. The disease is worldwide in distribution. 

2. From no human community is the disease 
long absent. 

3. Transmission can occur in any montlr of 
the year. 

236. Alaxcy, K. F. : A Reriew of the Epidemiolog}- 
of Acute Anterior Poliomyelitis with Reference to the 
Mode of Transmission, Journal-Lancet 64:216-223 
(July) 1944. 
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iuvolvcd segments i)y immobilization inifsplints 
or casts in a neutral position during theastagc;; 
if tenderness or contracture. In order to pre- 
ent stillness, the splints and casts are removed 
nice or twice a day and the joints luoved pas- 
ively through as great an arc as can he tolerated 
ly the patient. In the convalescent . stage, 
plints or casts arc removed and the patient is 
incouragcd to move about in bed and c.xcrcisc 
lis limbs in, order to loosen up the muscles and 
oints. Once or twice a day he is placed in 
i tub of warm water and the paralyzed limbs 
ire exercised. Muscle training preferably is 
:arried out by skilled physical therapeutists, but 
he mother or a nurse may he taught to carry 
m the prescribed treatment for a given patient 
n a satisfactory manner. In the chronic stage, 
irtliopedic apparatus is used to prevent deformi- 
les and improve function of paralyzed segments, 
ivey states: . 

This is the ortliodox treatment and when it is prop- 
erly carried loiit approximately SO per cent ot the pa- 
rents, who develop infantile paralysis during an epi- 
-emic may be expected to recover to a point at which 
iriey are norma! or practically normal. .Miout 20 per 
lent will be crippled permanently to a variable degree, 
but only about 1 per cent will be crippled so severely 
that they will become wheel chair cases. 

These figures are from three recent epidemics. 
Key also states that he does not approve of the 
Kenny method and enumerates sixteen reasons 
why he does not. 

Scott and Rountree report on 46 cases 
which occurred during the period from jMarch 
to November 1941. Thirty-nine patients had 
or contracted paralysis shortly after admission 
to the hospital. Thomas splints and Bradford 
iranies were used for all patients. At the end 
01 two years, accurate follow-up studies were 
™2de on 39 of the 46 patients. There were 3 
(T.7 per cent) deaths. Nine patients (23 per 
i^ont) made a complete recovery. Twelve (30.7 
Percent) were released from treatment, and 15 
(38.4 per cent) were still under treatment. Of 
12 released from treatment, 7 were able to 
"■alk without appliances, 3 were able to walk 
^'Ih appliances and 2 were unable to walk. 

^ the 15 still under treatment, S were able to 
^2lk without appliances and 3 with appliances 
4 were unable to walk. “The results of the 
‘■catments used are not encouraging.” 

Kcnn-y Method of Treatment. — O’Connor 
the h istory of the Kenny method, out- 

Fo-?' 1-'^°“’ Rountree, G. R. : -A. Study of 

1 S 5 I'o. ^ Cases of Poliomvelitis, Kentucky- AI. J. 42: 
^*^-184 (June) 1944. 

A ,5 Connor, B. : The Story of the Kenny Method, 

■ Fliys. Therapy 25:2oI-234 (April) 3944. 


an 

liuingithe. aidrgivcir.to' Keany.'ByT the; National; 
Fquiidation for InfaaJile.Paraly^sis, J.noj. . 

•.Kenny "'^’-...presents- aiidi absirors .twbl "ques- 
tions: -first, concerning liter; tconcept .6f..the, dis- 
ease. acute anterior poliomyelitis, andy. second, 
concerning., the treatmeirt for this concept. As 
evidence of the value of her treatment over 
“orthodox treatment,” she presents first the re- 
port of McCarroll (/. A. M. A.- 120:517-519 
[Oct. 17] 1942) and contrasts this report witlt 
that of Bingham (J. Bone & Joint Siirg. 25: 
647-650 [July] 1943). Kenny feels that her 
answers given in the latter article substantiate 
the claim that her contribution is not a treat- 
ment for recognized symptoms but an entirely 
new concept of the disease itself. 

Knapp presents his observations on the 
symptoms and treatment of poliomyelitis. He 
makes the statement that “Muscle shortening 
is a positive entity in infantile paralysis and is 
an important factor in the. final function end- 
result.” He states that “ 'mental alienation’, is 
probably only a minor factor in infantile paraly- 
sis and is probably not psychologic in origin 
as thought by Miss Kenny.” Maximum efficiency 
of muscle function within the limits imposed 
on it by denen-ation is the aim of treatment and 
the e.\-p]anation for the good results obtained. 

[Ed. Note. — Dr. Knapp in this articie pre- 
sents his own opinion of the symptoms and 
treatment. It is worth while to read of this 
treatment and the article of Kenny mentioned. 
As is well kmown, Kenny and Knapp have 
worked together since Kenny’s first visit to the 
United States, in 1940.] 

Ghormlej- and colleagues present a report 
of the committee for the investigation of tfie 
Kenny treatment of poliomyelitis, following , a 
resolution passed by the Section on Orthopedic 
Surgerj- of the American Medical Association. 
This committee visited a total of six cities and 
sixteen clinics. A total of approximately 740 
patients were examined. Approximately 650 of 
these patients had been treated by the method 
advocated by jMiss Kennv'. The report discusses 
four major points of the concept of the disease 
and outlines the major points of the Kenny 
treatment. Each of the points outlined was 

301. Kenny, E. : Kenny Treatment of Poliomyelitis. 
Proc. Interst. Postgrad. M. A. Xorth America (1942). 
1943, pp. 312-316. 

302. Knapp. M. E. : Observations on Infantile Paral- 
ysis, Journal-Lancet 64:164-168 (May) 1944. 

303. Ghormley, R. K., and others: Evaluation of the 
Kenny Treatment of Infantile Paralysis, J. A. M. 
125:466-169 (June 17) 1944; Evaluation of the Kenny 
Treatment of Infantile Paralysis, Arch. Phys. Therapy 
25:413-420 (July) 1944. 
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0 simulate otlier disease. Tlie critical findings 
It differential diagnostic value depend on signs 
of cord, brain and nerve irritation and must 
ie supported by physical findings. These are 
ometiuies so extremely variable and changeable 

- they may be detected only by careful, de- 
' berate and repeated e.xaminations. The most 
"I jortant sign is nuchal rigidity, which is 
'companied with or followed by spinal tender- 
ness. Keniig's sign may appear early or not. 
Deep refle.xes are present but variable (hyper- 
active to sluggish). The muscle groups or 
muscles presenting tremors are likely to be in- 
volved. Rigidity of muscles, deep tenderness, 
discrete areas of perspiration, irritation of rectal 
or vesical centers in the lumbar part of the 
cord, with resulting constipation or urine reten- 
tion, all may be demonstrated. Bulbar involve- 
ment may have a rapid onset, with difficulty in 
swallowing, impairment of phonation, salivation 
and excessive mucous secretion, disorientation, 
delirium and coma. 

Puncture of the lumbar part of tire cord is 
of therapeutic value in reducing intracranial 
pressure. The spinal fluid is normal throughout 
the first febrile and asymptonratic stages of the 
disease. At the onset of the paralytic phase, 
the spinal fluid is clear, there is increased 
pressure, the cells may varj- from 10 to 200. 
the total protein is increased and the fluid is 
sterile on bacteriologic examination and does 
not contain tire virus. Hence, examination of 
the spinal fluid is iirrportant if the results are 
positive but not necessarily contradictor}- when 
values are normal. The blood count and sedi- 
mentation rate are irot contributor}- to diagnosis. 
Differential diagnosis is important in acute 
poliomyelitis to rule out purulent irreningitis, 
encephalitis, St. Louis encephalitis and occa- 
.sionally acirte arthritis. The cardinal points of 
early diagnosis are : ( 1 ) awareness of polionrye- 
litis, (2) historr- of febrile attack a few days 
previously, (3) headache and fever. (4) nuchal 
rigrdit}- and spinal tenderness, (5) spasm, tremor 
or weakness in a muscle or muscle groups, 
(6) h}-peresthesia or pain. (7) reflex changes 
and (8) cerebrospinal fluid changes if positive. 
The author states that (9) tlie serious grade of 
the disease is indicated by progressive course 
nnd that (10) it is impossible to diagnose sub- 
clinical cases in the acute stage. 

— Lumsden,-^- in writing on the 
epidemiolog}- of poliomyelitis and measures for 
Its prevention, states that the possibility of sev- 

-■t-. Lunnden. L. L. : Poliomyelitis : Its Epidemiology- 
mid Measures for Its Prevention. Texas Rep. Biol. & 
Med. 1:233-241. 1943. 


eral specific viruses of poliomyelitis is given 
weight by the fact that strains of the virus ob- 
tained in different outbreaks present pronounced 
differences biologically, serologically, immuno- 
logically and otherwise. There are many pos- 
sible modes of transmission, but none are 
conclusit-e. Preventive measures suggested are: 
(1) cleanliness and maintenance of cleanliness 
(hygiene and sanitation) ; (2) systematic, in- 
tense and continuous fights on rats, mice, flies, 
mosquitoes, roaches, fleas, bedbugs, ants, insects 
and vermin; (3) strict sanitation regarding 
disposal of garbage, manure and excreta of 
poultry and birds ; (4) screening of living and 
sleeping quarters; (5) purified water supplies 
and sanitar}- sewage systems with final disposal ; 
(6) rigid sanitar}- and hygienic supen-ision of 
public eating and drinking places; (7) educa- 
tional campaign to discourage potential droplet 
infection (coughing, sneezing, spitting, blowing 
and wiping) ; (8) reasonable discouraging of 
public assemblages by children under 6 years, 
and (9) restraining of young children from 
undue physical stress. Qosing of schools, 
churches and theaters, as is often demanded by 
misled public opinion, is unjustified; placard- 
ing of the affected homes is advisable; proper 
isolation of patients is advisable to guard against 
superimposed infections. There should be rigid 
disinfection of discharges from nose and mouth 
and feces. Quarantine is not justified except 
for food handlers and persons in close contact 
with large numbers of children. 

Pathology. — Dublin, Bede and Brown re- 
port their findings on studies of muscles taken 
for biopsy from 3 patients with poliomyelitis 
and stained by the Ranvier method. They ob- 
sen-ed a degeneration of nerr-e fibers, motor end 
plates and muscle fibers in a degree commen- 
surate with the degree of paralysis ; an irregu- 
larit}- of distribution in keeping with an irregu- 
larity of distribution of injur}- to nen-e cells 
of the gray matter of the spinal cord ; a degen- 
eration of nerve fibers, consisting largely in 
failure of axons to stain together with preser- 
vation of cellular elements of capsules of motor 
endings and of sheaths of Schwann : atrophy of 
muscle fibers appearing as pyknosis. beginning 
with loss of cross striations and increase of 
longitudinal markings; degeneration of muscle 
and ner\-e ranking probably secondar}- to injury 
to nerv-e cells of the spinal cord, and no definite 
evidence of activity of degeneration or regen- 
eration. 

243. Dublin. \V. B.; Bede, B. A., and Brou-n, B. A.: 
Pathologic Findings in Xerve and Muscle in Polio- 
myelitis, .■^nl. J. Clin. Path. 14:264-272 IMayl 1944. 
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;d Kenny technic. Of the 21 cases, there were 
)od to excellent end results in all. The modi- 
ation of the Kenny technic consisted in the 
fminatfon of hot packs and the substitution of 
BStiginine, usually orally but occasionally pa- 
nterally as well. No change was made in the 
iual methods of muscle reeducation of or in 
e passive joint movement procedure. He states, 
Approximately 75 per cent of patients with 
■)!iomyelitis can be adequately cared for at home 
ithout special nursing attention with this tech- 
que." Boines also urges the extension of this 
'ethod of therapy especially in chronic cases. 
- McFarland and colleagues make a prelim- 
aiy report of a series of 74 selected cases in 
hich neurotripsy was combined with the Kenny 
eatment. In 25 of these cases neurotripsy was 
■one while the Kenny treatment was being given 
I the acute stage, and in 49 cases of long- 
ending residual paresis neurotripsy also was 
one in combination with the Kenny method, 
'"he rationale of neurotripsy is the fact that in 
^owth after nerv’e interruption there is an 


acreased branching. The authors present an 
outline of the procedure, which is done with 
■general or spinal anesthesia udth the objective 
J breaking as many branches of the remaining 
■t^e motor nen'e axons as possible. The technic 
•4 to knead through the muscle Hgorously and 
'keply -with a blunt instrument. The muscle 
covered thoroughly throughout its entire ex- 
tent. There has been a rather consistent increase 
circulation in the involved segments, and an 
•iiiCTease in muscle size is a “frequent result.” 
,t™provement in muscle strength occurred in 
. °'cr one half of one hundred and thirty muscle 


‘groups studied. “The results are encouraging.” 
• _ I'liley presents a preliminarj'- report on 
.^8 cases in which the Knott technic of ultra- 


.j'^olet irradiation of blood was used in addition 
*0 the Kenny treatment. There were no harm- 
/ * . effects in this series of cases. This technic 
,• '0 not interfere with the Kenny routines. No 
i^ttempt was made to evaluate the ultimate end 


Aj*e5ults for these patients, but it is iMiley’s con- 
' that further extensive clinical studies 

this combination of treatments is war- 

ranted. 


discusses the present status of polio- 
'^2 ^itis- R egarding treatment, he says that hot 

';G^V J. W.; Billig. H. E., Jr.; Taylor. 

' w-ith ^ail, C. W. : Kenny Treatment Combined 

TVio ®nrotrip3}- in Care of Poliomvelitis, .-^rch. Phys. 
r T,?P(,25.-6tS-6S0 (Nov.) 1944. ' 

apv ; G.; Ultraviolet Blood Irradiation Ther- 

631 Poliomvelitis, Arch. Phvs. Therapy 25: 

3,7 f^ov.) 1944.' 

Statue r Poliomvelitis: Its Present 

’ ^bfomia & West. Med. 60:18-21 (Jan.) 1944. 


packs during the stage of spasm followed by 
muscle reeducation offer the most help in the 
acute stages. 

Compere outlines the management and care 
of patients with infantile paralysis. He states 
that his own observation led to the conclusion 
that the earlier the program of treatment of 
peripheral manifestations is done the better are 
the end results. Microscopic sections of muscles 
that are in spasm show a picture of pathologic 
congestion. This congestion may be relieved by 
hot packs, passive motion and active exercise. 
He further concludes that the number of patients 
who will require surgical intervention ma)' be as 
large as that of the patients who have received 
other tjpes of treatment but that the patients 
given treatment by hot packing, early activity, 
exercises and good physical therapy will be in 
better condition generally and will thus obtain 
greater profit from the efforts of the orthopedic 
surgeon. 

Wright presents problems encountered in 
the early treatment of poliomyelitis. She states 
that Kenny has made a valuable contribution 
but that one will continue to use to advantage 
the Silver method of the prevention of stasis of 
the circulation by special postural measures in 
bed, the Lovett-Merrill method of muscle test- 
ing, the Kendall percentage grading, the Low- 
man under water reeducation and the light, ef- 
ficient supports when indicated. In a second 
article, Wright outlines a reasonable program 
of treatment for acute poliomyelitis. She notes 
that “treatment can not be by one method only 
but must meet the needs of each case.” 

Wolf,*'® in discussing the clinical aspects of 
poliomyelitis, states that “when a patient wth 
pure bulbar poliomyelitis is placed in a respirator 
it can be seen that more harm than good results. 
The patient breathes with the machine at times 
and against it at others. The use of the respir- 
ator under these conditions may be extremely 
harmful.” 

Thompson discusses the Kenny method and 
correlates a program of occupational therapy 
combined with the Kenny method. 

315. Compere. E. L. : Management and Care of the 
Infantile Paralvsis Patient, .Arch. Phys. Therapy 24: 
709-712 (Dec.)' 1943. 

316. Wright, J. : Problems in Early Treatment of 
Poliomvelitis. New Aork State J. Aled. 44:6/-/2 
(Jan. 1 ) 1944. 

317. Wright, J. : Reasonable Treatment of Acute 
Poliomvelitis. Pub. Health Nursing 36:510-515 (Oct.) 
1944. 

318. Wolf, -A- Symposium on the Alanagement 
of Poliomveiitis, -Am. J- Dis. Child. 67:332-334 (.April) 
1944. 
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3. The tcdinique docs not use a bone graft in relation 
0 tlie joint, and thus Uicre is avoided friction of the 
'■ 'i against tlie articular condyles of the femur. 

4. The operative procedure is relatively simple. 

5. The re-establishing of the normal statics of the 
)aiee is accomplished by reversing the angulation 
■"i,..,;' the metaphysis in a direction opposite to that 
"1 the acquired deformity and to approximately the same 
l-'free. 

6. There is no disturbance of or interference with 
uie musculature of the knee. 


[Ed. Note. — I do not believe that Steinmann 
pins are necessary. Only one Kirschner wire 
is needed to maintain the upper fragment in 
hx-perextension. If a tongue of bone is left 
attached to the lower fragment, the second pin 
is not necessary and one is assured of good bone 
.contact and good apposition of the fragments. 
One important point that was not brought out 
is that genu recurvatum does not occur as a 
single deformit}-; there is usually some genu 
;X'algum and external torsion as well as the recur- 
■'■atum deformity. All three deformities can be 
^.corrected at one procedure if after completing 
!^the transverse osteotomy one rotates the distal 
.fragment in such a manner that the external 
-.torsion, genu valgum and genu recurvatum are 
. rcorrected and then with a Gigli saw removes the 
-Appropriate wedge of bone from the distal frag- 
,nient, the sawed surface being parallel with the 
.-^cut surface of tlie upper fragment. A descrip- 
■.?tion of this procedure can be found in The J ourual 
the American Medical Association for Sept. 


?26, 1942.] 

ifayer,==® writing on the significance of the ilio- 
.-oostal fascial graft in the treatment of paralj'tic 
-deformities of the trunk, describes three tj'pes. 
:'the deformities being classified according to the 
- Underlying muscle imbalance. In the first, there 
"jis a unilateral paralysis of all the muscles of the 
trunk. This produces a scoliosis with convexitx 
I to the paral 3 'zed side and a domiward tilt of the 
; Pelvis. This deformit}' leads to fixed pelvic 
■- obliquit}-. The second is due to the paralysis of 
^'^ternal and internal oblique muscles, but the 
'^quadratus lumborum muscle remains normal, so 
^ that there is no pelvic obliquity. In tlie third 
^■tjpe there is paralysis of abdominal muscles on 
"f^oth sides, producing a downward tilt of the 
Pelvis and an exaggerated lumbar lordosis. He 
states that these deformities are not always clear- 
,.cut but that two of these classifications may be 
..present in one deformity. He stresses the ini- 


253. Mayer, L.: The Significance of tlie Iliocostal 
I5cial Graft in the Treatment of Paral>-tic DeiorrmUes 
the Trunk, T. Bone & Joint Surg. 26:_a/--/l 
vpril) 1944. 


portance of early detection of these deformities 
followed by early treatment which comprises 
"well leg traction,” pulling down on the elevated 
side of the pelvis and pushing up on the depressed 
side. This “well leg traction” may or may not 
be combined with a Risser type of tumbuckle 
jacket. He describes in detail the iliocostal fas- 
cial transplant which passes from the crest of the 
ilium to the ninth rib on the same side. Spinal 
fusion alone is not adequate to control these 
deformities, because if the muscle imbalance is 
allowed to remain the scoliosis will promptlj- re- 
cur. Spinal fusion, however, is an important part 
of the treatment in correcting the three types of 
deformities he describes with which there is an 
exaggerated lumbar lordosis. It is not clearcut 
when a spinal fusion or a fascial graft should 
be combined. His rule is to do the fasdal graft 
first and observe the patient at three month 
intervals, and if the scoliosis increases as much 
as 10 degrees then a spinal fusion should be 
done. He reports 38 cases in which forty-six 
grafts were done. The results were good or 
excellent in 30 cases. 

[Ed. Note. — I cannot conceive of a fixed 
paral}'tic pelvic obliquity in the cases described 
under the first classification, wherein the defor- 
mity is confined to the trunk and can be cor- 
rected by fascial transplant alone. In these 
deformities the pelvis is not onl}' oblique but 
displaced to one side. One must remember 
that a normal person when taking a step main- 
tains the pelvis in a level position by the ab- 
ductor muscles pulling down on the weight- 
bearing side, assisted by the lateral trunk groups 
pulling up on the opposite side, the femoral 
head being the fulcrum. When there is a paraly- 
sis of the trunk muscles on either side, this 
balanced system is disrupted. In all these cases 
there is a severe functional -imbalance involving 
the side below the pelvic level on the side to 
which it is displaced and diagonally on the oppo- 
site side or trunk above the pelvic level. I have 
alwaj'S done a Soutter fasciotomy to release the 
tight hip abductor muscles on the low side of 
the pelvis, followed by "well leg traction” in 
the attempt to restore the pelvis to its normal 
position. Then a fasdal transplant is done on 
the same side. The pelvis cannot be restored 
to its original position in true fixed pelvis ob- 
liquity anj- more than one can completeh- correct 
the scoliosis with rotation. It is surprising how 
tl-,e walking of these persons is improved by 
simply doing a subtrochanteric osteotomy on 
the high side of the pelvis and shifting the femur 
nearer the midline.] 
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occupation; 14 per cent obtained good results 
but have not yet returned to normal aetivity; 
14 per eent obtained fair results, witli no com- 
plete paralysis but with definite weakness, and 
22 per eent bad a residual definite loss of one 
or more muscle groups. 

Poebler outlines an ideal set-up for the 
treatment of poliomyelitis following the remodel- 
ing of “Sheltering Arms" in Minneapolis. She 
stresses the fact that patients during the con- 
valescent stage of poliomyelitis are not sick in 

329. Poehlcr. J. A. : Remodeled for .“Polio” Pa- 
tients. Mod. Ho.sp. 62:58-60 (Jan.) 1944. 


the sense that the word is usually ' understood 
and should not be treated in hospitals planned 
and maintained for acutely ill persons. 

Gudakunst discusses the problem of in- 
fantile paralysis, setting forth the gains made in 
the handling and treatment of patients. He 
brings out the purpose and seopc of the work 
of The National Foundation for Infantile Paraly- 
sis,' Inc. • 

330. Gudakunst, D. \V. : Fighting Infantile Paral- 
ysis, Survey 80:254-256 (Sept.) 1944; Facing the 
Future in the Fight Against Infantile Paralysis, J. 
Health & Phys. Educ. 15: 258 (May) 1944. 


XII. XEUROMUSCCL.\R DISORDERS E.XCLUSIVE OF POLIOMYELITIS 
PREP.^RED BV WIXTIIROP >t. PHELPS, M.D., B.tLTlMORE 


During, 1943 there was an increase in the 
volume of literature dealing with neuromuscular 
disorders. This is especially interesting in view 
of the pronounced decrease of the v'ear before. 
The distribution of the material has changed 
only slightly. That referring to cerebral palsy 
has increased the most, and the articles on 
peripheral paralysis and surgery are close 
seconds. The papers dealing with pure research 
, in the field are still scarce. 

The material can he considered under nine 
chief headings, which are as follows ; ( 1 ) cere- 
; hral palsy, (2) peripheral paralysis, (3) myop- 
athies, (4) ataxia, (5) neuralgia, (6) diagnostic 
procedures, (7) surgery, (S) vitamins and (9) 
drugs. 


Cerebral Palsy. — A paper by Lucksch 
dperibes 2 cases, brought to autopsy, of tlie 

■ disease previously called “cerebral infantile 
parah'sis.” Lucksch suggests that the designa- 
hon be changed to “encephalopathia infantum.’’ 

he change, he feels, is more descriptive of con- 
'tions obser\-ed and yet is not specifically a 

■ escj-ipjj^j^ of ^ disease entity. [Ed. Note. — 

fs an anatomic title whereas the usual term 
^cerebral palsy” is a descriptive one, and the 
®ner, of course, is much more in keeping with 
• American custom.] . 

tb has written an interesting paper on 

^ c study of 86 patients with cerebral palsy. He 
f the average age of the motlier at the 

' Xhi affected child is greater than 

, found in the general population. The 
- children tend to have a later ordinal 


ot Description of Two .A.utops 3 ' Cases 

D^nein'L n Paralysis,” with Suggestion for 

Pwri.- J” ^c^'Sustion to “Encephalopathia Infantum,” 

33 " ''"chnschr. 45:137 (May 22) 1943. 

Etiologj- of Congenital Palsj-: 

Dan.) S4 J- 24:3S-4a 


birth rank than would be normally expected. 
[Ed. Note. — This might be expected in view of 
the recent observations in regard to the Rh 
factor.] He also finds that the incidence of 
mental deficiency in the nonaffected siblings is 
greater than would be expected from random 
selection. He finds an unusually high inddence 
of associated physical defects, especially those 
involving the eyes. [Ed. Note. — In my experi- 
ence, this is also true of hearing defects.] 
Yannet feels that this points to the importance 
of developmental cerebral malformations in 'the 
causation of cerebral palsy. 

Phelps describes the treatment of various 
types of cerebral palsy in some detail and empha- 
sizes the need for proper classification of the 
individual cases in order to carry out differential 
treatment. 

Salisbury draws attention to the increased 
interest in cerebral palsy throughout the country 
and the greater number of cases encountered in 
the clinics and in private practice and empha- 
sizes the great need for a national foundation 
for this condition, since it is as frequent in 
distribution as poliomyelitis. 

Arieff and Kaplan describe cerebellar ataxia 
associated with cerebral signs. This is, of course, 
not commonly seen, but it is well to bear in mind 
the compb'earions of neurologic changes which 
may occur. 

Welch and Kennard describe flaccid paraly- 
sis in relation to the cerebral cortex. This is 

333. Phelps, tV. M. : Symposium on Orthopaedic 
Surgery: Treatment of Cerebral Palsies, Clinics 2:981- 
991 (Dec.) 1943. 

334. Salisbury. P. : Needed — National Foundation 
for Cerebral Palsy, Hospitals 18:50-53 (.April) 1944. 

333. Arieff, .A. J., and Kaplan, L. A.: Cerebellar 
Type of .Ataxia .Associated -noth Cerebral Signs, J. Nerv. 
&'Ment. Dis. 100:135-141 (Aug.) 1944. 

(Footnotes continued on next foge) 
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by interference of a virus and thus upset cellular 
metabolism. The reported interference of polio- 
myelitis with the anaerobic glycolysis of the hrain 
has not been confirmed. 

Nickle and Rabat claim some specific dif- 
ferences in metabolism between brain tissue in- 
fected with W'esteni equine encephalomyelitis 
and that infected with poliomyelitis. Utilization 
of ox}-gen of the poliomyelitic brain is below nor- 
mal with a glucose concentration of 121 mg. per 
hundred cubic centimeters ; with a concentration 
of 217 mg. per hundred cubic centimeters utiliza- 
tion of ox},'gen of the encephalitic brain is below 
nonnal, but that of the poliomyelitic brain is not. 
Other substrates were used to show a difference, 
lactate-glucose, pyruvate-glucose and succinate- 
glucose. 

Gellhom reports investigations on the influ- 
ence of muscle pain on muscular incoordination. 
He concludes that movements are modified in 
intensitj- and equality not onl}- b}* proprioceptive 
impulses but also by muscle pain. 

Rabat and colleagues report a decrease in 
fhe lactic acid content of tlie brains of mice 
infected with poliomyelitis virus. Tliey feel tliat 
this evidence supports the view that the virus 
interfere with metabolism. 

Carey’s publication is fundamental and de- 
^ribes the early histologic changes that occur 
*n the neuromuscular mechanism of experimen- 
^ poliomyelitis in monkeys. The early loss of 
ihe motor end plate was striking. He suggests 
fcntativelj- that the clianges are a result of ab- 
normal excitation of the secretory' mechanism 
of motor end plates which results in progressive 
O-xhaustion of the gold-staining axonic substance 
leading to denen-ation at the myoneural junction. 

Gard=®5 describes two colonies of albino mice 
m which, during epizootics caused by Salmonella 
enteritidis and Bacillus piliformis, there were 
2 cases of spontaneous mouse poliomyx- 
ms obsen'ed. The transfers were easiest when 
made from the intestine, next easiest from the 
y ^Ph node s and then from the tissue of the 

M., and Kabat, H. : Specificity in Effects 
n Brain Metabolism of Two Differing Neurotropic 
Med. 80:247-255 (SepL) 1944. 

03. Gellhom, E. : Effect of Muscle Pain on Central 
- sri-ous System at Spinal and Cortical Levels, Joumal- 
i-^cet 64:242-245 (Jub’) 1944. 

H. ; Erickson, D. ; Ekiund, C., and 
in Pi- l^^crease in Lactic Acid Content of Brain 
'’^i'oliomyelitis. Science 98:589-591 (Dec. 31) 1943. 
c E. J. Studj’ on Ameboid Motion and 
p of Motor End-Plates : Anatomic Effects of 

'omjelitis of Neuromuscular Mechanism in Monkey, 
Pa*. 20:961-995 (Sept.) 1944. 

„ "1 '. ^ard, S. : Observations Concerning the Patho- 
Yal *T Epidemiologj- of Mouse Poliomyelitis, 

J. Biol. & Med. 16:467-476 (May) 1944. 


central nervous sy'stem. The involvement of 
the lymph node was stressed. 

Herrarte and Francis described several' 
methods of recovering virus from various bio- 
logic specimens. 

Bourdillon studied the sedimentation, the 
electrophonetic mobility and the serologic reac- 
tivi^- of purified Jungeblut’s SK adapted mouse 
strain in its two hundred and seventieth to three 
hundred and twentieth passage. The injected 
dose was always 0.03 cc. of serial dilutions. 

[Ed. Note (J. A. T.). — ^The article is a 
technical one ; suffice it to say that it is one not 
well suited for abstract.] 

Foster and Ehrich-®^ describe the technics 
which they used to demonstrate the alterations 
of brain and spinal cord characterizing infection 
with Lansing strain of virus in the mouse. 

Bourdillon describes in detail the methods 
of purification of virus by means of the Swedish 
angle centrifuge. 

A long article on the therapy of poliomyelitis 
in the acute stages of the disease has been writ- 
ten by Toomey.®®® He concludes: 

1. As first shown by Feiss," immobilization and splints 
are unnecessary in the acute stages of poliomyelitis. 

2. Active movement, manipulations, etc., in the acute 
stage of the disease do not harm the patient. 

3. Some form of heat should be used to bring about 
vascular dilatation in the early stages ’of the disease. 
The muscles should be moved through their normal 
arcs. 

4. Muscle reeducation plays the most important role 
in poliomyelitis therapy. It should be started early and 
should be persistently carried out over a long period 
of time. 

An excellent article by Ward is devoted to 
the epidemiologj' of poliomyelitis. He gives a 
good review of the probable epidemiologic facts 
known to date. 

289. Herrarte, E., and Francis, T., Jr.: Efforts To- 
ward Selective Extraction of Poliomvelitis Virus, J. 
Infect. Dis. 73:206-211 (Nov.-Dee.) 1943. 

290. Bourdillon, J. : Purification, Sedimentation, and 
Serological Reactions of the Murine Strain of SK 
Poliomyelitis Virus, Arch. Biochem. 3:285-297 (Feb.) 
1944. 

291. Foster, C., and Ehrich, W. E. : Demonstration 
of Lesion Produced by Experimental Poliomyelitis in 
Central Nervous System of Mouse, Arch. Path. 37: 
264-271 (April) 1944. 

292. Bourdillon, J. : Heat Inactis-ation of Murine 
Strain of SK Poliomyelitis Virus, Arch. Biochem. 3: 
299-303 (Feb.) 1944. 

293. Toomey, J. A.: Observations on Treatment of 
Infantile Paralysis in Acute Stage (Nathan Lewis Hat- 
field Lecture), Tr. & Stud., Coll. Physicians, Phila- 
delphia 12:14-25 (April) 1944. 

294. Ward, R.: The Epidemiology of Poliomyelitis, 

J. Bone & Joint Surg. 26:829-832 (Oct) 1944. 
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They discuss the j)revious methods of treatment, 
including amino acids, vitamins, glandular prepa- 
rations and other agents. They report extensive 
studies of basal metabolic rates, tolerance tests, 
and other aspects of the disease. Their study 
of the distribution shows the definite hereditary- 
nature of the condition. 

Mackay presents an interesting case of 
dystrophy and the status of treatment at the 
present time. The particular type which he 
describes is the Charcot-Marie-Tooth type. 

Schwartz also describes the various effects 
of progressive neuropathic (peroneal) muscular 
atrophy (Charcot-Marie-Tooth disease), pointing 
out the inheritance factors as well as the clinical 
observ-ations. 

Ataxia. — Brugsch and Hauptmann describe 
an interesting combination of Friedreich’s ata.xia 
in combination with neuropathic (peroneal) mus- 
cular atrophy (Charcot-Marie-Tooth disease). 

A'curalffia. — Doupe, Cullen and Chance dis- 
cuss the causalgic type of pain that is found in 
post-traumatic neuralgia. 

Diagnostic Procedures . — There has been con- 
siderable work done in electromyographic study- 
on the various forms of nerA-e-muscle distur- 
bances in the last few years. 

Brazier, Watkins and Schwab illustrate the 
difference in various types of polyneuritis and 
poliomyelitis with regard to electromyographic 
records. 

Hoefer and Guttman have made extensive 
electromyographic studies to determine the level 
of spinal cord lesions. They present the results 
'n 24 cases and conclude that motor unit dis- 
charges recorded from the relaxed muscles may 
indicate the level of a lesion of the spinal cord, 
even in the absence of clinical manifestations 
suggestive of involvement of the anterior horn 

^^2. Mackay, R. P. ; Progressive Muscular Dystro- 
fy". Proc. Interst. Postgrad. M. A. North .America 
1944, pp. 88-91. 

T t. ^chtt-artz, L. A. : Clinical, Histopathologic and 
.^eritance Factors in Peroneal Muscular .Atrophy 
ccot-Marie-Tooth T^-pe), T. Michigan M. Soc. 43: 
2>9:230 (Alarch) 1944. ' 

Brugsch, H. G., and Hauptmann. .A. : Familial 
ccurrence of Friedreich’s .Ataxia with Charcot-AIarie- 
ooth Neural Muscular .Atrophv, Bull. New England 
^Center 6:42-48 (Feb.) 1944. 

•’M Doupe, J.; Cullen. C. H., and Chance, G. Q.; 
ost-Traumatic Pain and Causalgic S^-ndrome, J. Neu- 
Neurosurg. & Psychiat. 7:33-48 (Jan.-.April) 1944. 
Brazier, M. .A. B.; Watkins, .A. L., and Schwab, 
Electromyographic Studies of Muscle Dysfunc- 
^“^vtious Poh-neuritis and Poliomyelitis, New 
ngland J. yigd. 230:'lS5-189 (Feb. 17) 1944. 

Hoefer, P. F-. .A., and Guttman, S. .A.; Electro- 
j as Method for Determination of Level of 

4,r'?2? Spinal Cord, .Arch. Neurol. & Psychiat. 51: 

■’*=-422 (May) 1944 


cells or motor roots. In 17 of 24 cases the lesion 
was satisfactorily- localized, and in the others 
fairly dose localization was obtained ; false local- 
ization was obtained in only' 2 cases. 

De Jong has devised an instrument for 
electrical e.xamination and treatment of periph- 
eral ner\-es, which is a small light unit and 
accomplishes many purposes by virtue of features 
usually- not combined in a single instrument. 

Pollock and others have studied denerv-ated 
muscles with various amperages of current and 
noted the changes which occur when regenera- 
tion is taking place. 

Licht has formulated an outline of electro- 
diagnosis of neuromuscular disease for the army. 

Surgery . — Cerebral Palsy: Chandler de- 
scribed the surgical procedures which are in 
present use for correcting deformities of spastic 
paralysis and the indications for and the various 
results obtained by- the different operations. 

Peripheral Ner\-e: Schulze^®- has described a 
method of operation for correcting the de- 
formities due to paraly-sis of the trapezius 
muscle. 

Huguier and Xardi have corrected the 
paralysis of the arm due to stretching of the 
brachial plexus by an injury-. They have carried 
out this by a combination of arthrodesis of the 
shoulder and wrist and transplantation of the 
tendon. The results have been satisfactory- func- 
tion in the arm for considerable usefulness. 

Weiss "®'‘ bas devised technics for the union of 
severed nerves without sutures, by the use of 
tantalum cuffs. 

358. de Jong. H. : Simplification of Method of Elec- 
trical Examination and Therapy of Nerves and Muscles. 
North Carolina M. J. 5:91-92 (March) 1944. 

359. Pollock, L. J., and others : Electrodiagnosis by 
Means of Progressive Currents of Long Duration; 
Studies on Cats w-ith Experimentally Produced Section 
of Sciatic Nen-es, .Arch. Neurol. & Psj-chiat. 51:147- 
154 (Feb.) 1944. 

360. Licht, S. : Neuromuscular Electrodiagnosis : 
Outline, Bull. U. S. .Army M. Dept, January- 1944, 
no. 72, pp. 74-80. 

361. Chandler, F. .A. : Surgical Procedures Com- 
monlv Used in Correcting Deformities of Spastic 
Paralysis, Clinics 2:992-1001 (Dec.) 1943. 

362. Schulze, R. : Trapezius Paralysis; Surgical 
Therapy-, Zentralbl. f. Chir. 70:692 (May 8) 1943. 

363. Huguier, J., and Nardi; Complete Impotence 
of Arm Due to Traumatic Elongation of Brachial 
Plexus : .Arthrodesis of Shoulder and of rist w-ith 
Tendon Transplants; Satisfactory Functional Result, 
Mem. Acad, de chir. 68:168-173 (Feb. 11-March 4) 
1942. 

364. Weiss, P. ; Sutureless Reunion of Severed 
Nerves w-ith Elastic Cuffs of Tantalum, J. Neurosurg. 
1:219-225 (May) 1944; Technology- of Regeneration: 

. Sutureless Tubulation and Related Alethods 
of Nerve Repair, ibid. l:400-4a0 (No\.) 19 .t4. 
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;d Kenny technic. Of the 21 cases, there were 
)od to excellent end results in all. The modi- 
ation of the Kenny technic consisted in the 
fminatfon of hot packs and the substitution of 
BStiginine, usually orally but occasionally pa- 
nterally as well. No change was made in the 
iual methods of muscle reeducation of or in 
e passive joint movement procedure. He states, 
Approximately 75 per cent of patients with 
■)!iomyelitis can be adequately cared for at home 
ithout special nursing attention with this tech- 
que." Boines also urges the extension of this 
'ethod of therapy especially in chronic cases. 
- McFarland and colleagues make a prelim- 
aiy report of a series of 74 selected cases in 
hich neurotripsy was combined with the Kenny 
eatment. In 25 of these cases neurotripsy was 
■one while the Kenny treatment was being given 
I the acute stage, and in 49 cases of long- 
ending residual paresis neurotripsy also was 
one in combination with the Kenny method, 
'"he rationale of neurotripsy is the fact that in 
^owth after ner\'e interruption there is an 


acreased branching. The authors present an 
outline of the procedure, which is done with 
■ioneral or spinal anesthesia unth the objective 
n breaking as many branches of the remaining 
■tfe motor nerv’e axons as possible. The technic 
■•4 to knead through the muscle Hgorously and 
'keply ^vith a blunt instrument. The muscle 
covered thoroughly throughout its entire ex- 
tent. There has been a rather consistent increase 
circulation in the involved segments, and an 
■increase in muscle size is a "frequent result.” 
,t®provement in muscle strength occurred in 
. °'cr one half of one hundred and thirty muscle 


‘groups studied. "The results are encouraging.” 
• _ lililey presents a preliminarj'- report on 
.^8 cases in which the Knott technic of ultra- 


.j'lolet irradiation of blood was used in addition 
*0 the Kenny treatment. There were no harm- 
/ * . effects in this series of cases. This technic 
,• '0 not interfere with the Kenny routines. No 
i^ttempt was made to evaluate the ultimate end 


Aj*e5ults for these patients, but it is iMiley’s con- 
' that further extensive clinical studies 

this combination of treatments is war- 
ranted. 


discusses the present status of polio- 
.'^2 ^itis. R egarding treatment, he says that hot 

J. W.; Billig. H. E., Jr.; Taylor. 
' "-ith Eail, C. W. : Kenny Treatment Combined 

Tn. ®nrotrip3}- in Care of Poliomvelitis, .-^rch. Phys. 

^,25.-6tS-6S0 (Nov.) 1944. ' 

apv ; G.; Ultraviolet Blood Irradiation Ther- 

631 Poliomvelitis, Arch. Phvs. Therapy 25: 

3,7 f^ov.) 1944.' 

Statue r Poliomvelitis: Its Present 

’ ^bfomia & West. Med. 60:18-21 (Jan.) 1944. 


packs during the stage of spasm followed by 
muscle reeducation offer the most help in the 
acute stages. 

Compere outlines the management and care 
of patients with infantile paralysis. He states 
that his own observation led to the conclusion 
that the earlier the program of treatment of 
peripheral manifestations is done the better are 
the end results. Microscopic sections of muscles 
that are in spasm show a picture of pathologic 
congestion. This congestion may be relieved by 
hot packs, passive motion and active exercise. 
He further concludes that the number of patients 
who will require surgical intervention ma)' be as 
large as that of the patients who have received 
other tj'pcs of treatment but that the patients 
given treatment by hot packing, early activity, 
exercises and good physical therapy will be in 
better condition generally and will thus obtain 
greater profit from the efforts of the orthopedic 
surgeon, 

Wright presents problems encountered in 
the early treatment of poliomyelitis. She states 
that Kenny has made a valuable contribution 
but that one will continue to use to advantage 
the Silver method of the prevention of stasis of 
the circulation by special postural measures in 
bed, the Lovett-Merrill method of muscle test- 
ing, the Kendall percentage grading, the Low- 
man under water reeducation and the light, ef- 
ficient supports when indicated. In a second 
article, Wright outlines a reasonable program 
of treatment for acute poliomyelitis. She notes 
that “treatment can not be by one method only 
but must meet the needs of each case.” 

Wolf,®'® in discussing the clinical aspects of 
poliomyelitis, states that “when a patient wth 
pure bulbar poliomyelitis is placed in a respirator 
it can be seen that more harm than good results. 
The patient breathes with the machine at times 
and against it at others. The use of the respir- 
ator under these conditions may be extremely 
harmful.” 

Thompson discusses the Kenny method and 
correlates a program of occupational therapy 
combined with the Kenny method. 

315. Compere. E. L. : Management and Care of the 
Infantile Paralvsis Padent, .Arch. Phys. Therapy 24: 
709-712 (Dec.) 1943. 

316. Wright, J. : Problems in Early Treatment of 
Poliomvelitis, New Aork State J. Aled. 44:6/-/2 
(Jan. 1 ) 1944. 

317. Wright, J. : Reasonable Treatment of Acute 
Poliomvelitis. Pub. Health Nursing 36:510-515 (Oct.) 
1944. 

318. Wo!f, A. M. : Symposium on the Alanagement 
of Poliomyelitis, -Am. J- bis. Child. 67:332-334 (.April) 
1944. 

^Footr.ofrs cc>:ttr.u/"d on next page) 
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Abdcmen: ?ro Ga!«trnlnli«tlnal Tract ; IVlvls; etc. 
Abi:ormalitIc.< and I>cform^tK^ : See al5o undi'r 
namc‘5 of dlseasc5. orcntis and as Femur: 

Foot: Miiscti's: I’atella : ; otc, 

conccnltal diformitlis. ITT 

conceiiltal deformities followlnc rubella diirln;: 
prcrnancy, KS 

rorlpljcral nerre chances associated with con- 
cenltal deformities. ITS 

Abscess: See under names of orcans and reclons 
Accidents: See Tr.numa; etc. 

Acetabulum : See Hip 
Acid, Amino: Sec Amino Acids 
Acromioclavicular Joint : See Shoulder 
Acclutinins and Acclullnatlon : sludced blood In 
traumatic shock ; microscopic observations of 
precipitation and acclullnatlon of idood flotvlnc 
throuch vessels In entshed tissues. C20 
Air. Compressed: See Caisson Disease 
Albricht S.mdromc : See Osteitis fibro'^a 
American Academy of Orthopaedic Surceons; pro- 
cress In orthopedic surccry for 1944 : rcvle^r pre- 
pared by editorial board of American Academy 
of Orthopaedic Surccons. 174, 253 
Amino Acids: nitrocen balance studies on stirclcal 
patients recelvinc amino acids ; observations on 
patients with obstructinc lesions of esophacus 
and stomach recelvinc amino acids by parenteral 
Injections as exclusive source of protein, 59 
Analcesla : See Anesthesia 

Anesthesia ; new treatment for postoperative pul- 
monary collapse (cocalnlzatlon of throat), 237 
Anesthetics : See Anesthesia 
Ancloma, vascular neoplasms, 1S4 
Ankle: See also Astracalus: Foot 
conditions Involvlnc foot and ankle, 193 
radlocraphic examination Including afthrography, 
202 

talocalcanean articulation, 202 
treatment of sprains, 199 
Ankylosis : See Joints 

Anomalies: See Abnormalities and Deformities: and 
under names of diseases, organs and regions 
Apparatus, skeletal fixation of mandibular fractures; 
report of 5 cases, with 9 fractures. 279 
studies on muscle atrophy; method of recording 
power In situ and observations on effect of posi- 
tion of Immobilliitlon on atrophy of disuse and 
denervatJon, 154 

Appendix, vennlform. Intussusception of ; report of 
case, 172 

Aqueduct of Sylvius: See under Brain 
Armies: See Military Medicine 
Arms: See Extremities; etc. 

Arteries: See Blood, pressure; etc. 

Arthrltis : See also Gout ; and under names of 
joints, as Hip; etc. 
chronic, 290 

sold toxicity In relation to gold salt therapy of, 
291 

treatment, 293 

Arthrography : See under Ankle 
Arthrogryposis Multiplex Congenita : See Joints, 

ankylosis; Muscles, abnormalities 
Arthroplasty: See Hip 
Astragalus: See also Ankle 
osteochondritis dissecans of. 201 
Ataxia, 317 

Atelectasis : See Lungs, collapse 
atrophy: See also under names of organs and re- 
gions. as Bones, atrophy; etc. 
oiuscular, 317 

muscular; method of recording power In situ and 
observations on effect of position of ImmobllJ- 
. zaUon on atrophy of disuse and denervation, 154 
-vitaminosis: See under Vitamins 


BacIHI: See Bacteria 

H.vcterla : See also Staphylococci ; etc. 

Leprosy ; See Leprosy 

«kln bacteria ; their role in contamination and 
Infection of wounds, 7S 
n.irterloct.asfs : Sec Staph.vlococcl 
Bell's Faraly.*;!?: See Paralysis, facial 
lUnnetl. K. L. : Poliomyelitis; convalescent treat- 
ment and related subjects, 310 
Bile Ducts: Sec also Biliary Tract: Gallbladder 
chronic sclerosing pancreatitis causing complete 
stenosis of common bile duct, 15 
pancreatitis: anatomic study of pancreatic and 
cxlrahepatlc biliary systems, 205 
Biliary Ttact : Sec also Bile Ducts ; Gallbladder 
pancreatitis ; anatomic study of pancreatic and 
cxlrahepatlc blllarj* systems. 205 
Blair. J. E. : renlcniln In treatment of chronic 
osteomyelitis; preliminary report, 81 
Block. E. H. ; Sludced blood In traumatic shock; 
microscopic observations of precipitation and 
agglutination of blood flowing through vessels 
In crushed tissues, 220 
Blood: Sec also Erythrocytes 
pressure; hemodynamic and biochemical changes 
In dogs subjected to section of spinal cord; 
changes in dogs surviving operation for pro- 
tracted periods, 42 

pressure, low; early effects on dogs of eighth 
cervical segment of spinal cord and their bearing 
on shock, 32 

sludged blood In traumatic shock; microscopic 
observations of precipitation and agglutina- 
tion of blood flowing through vessels In crushed 
tissues, 220 

Body Fluids: See Fluids 
Bones: See also under names of bones 
aseptic necrosis In hip lesions, 193 
.atrophy ; Sudeck's atrophy, 177 
benign neoplasms of, 183 
cancer. 1S6 

Deformities: See Abnormalities and Deformities; 

Osteitis deformans : Poliomyelitis ; etc. 

Diseases: See also Osteitis; Osteochondritis; 

Osteomyelitis ; etc. 

diseases of growing and of adult bone, 174 
Dystrophy : See Bones, atrophy 
experimental studies of primary and secondary 
tumors of bone. 1S7 
fragility ; -osteogenesIs imperfecta. 175 
giant ceil tumor producing spinal cord compres- 
sion, 131 

growth and regeneration of, 176 
growth; cleidocranial dysostosis, 179 
lesions simulating neoplasms of, 182 
Softening: See Osteomalacia 
tuberculosis of bones and joints, 2S5 
tumors, classification of, 181 
tumors of bone and of synovial membrane, 181 
Brain, diagnosis and treatment of strictures of 
aqueduct of Sylvius (causing hydrocephalus), 1 
surgery ; gelatin sponge ; surgical investigation of 
new matrix used In conjunction with thrombin 
In hemostasis, 69 

Brantigan. 0. C. : Resection of lung in treatment 
of pulmonary tuberculosis, 147 
Breast cancer and 'TPaget's disease of breast," 262 
Brooke. TV. S. : Leiomyosarcoma of uterus ^th 
metastasis to femur; report of case and renew 
of literature, 120 ^ , 

Buchman. J. : Penicillin In treatment of chronic 
osteomyelitis; preliminary report, SI 
Bullet Wounds : See Wounds 

Burke, H. D. : Skeletal fixation of mandibular 
fractures; report of 5 cases, with 9 fractures, 
279 

Burke, J. : Transthoracic operative approach for 
traumatic lesions of spleen, 28 
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They discuss the j)revious methods of treatment, 
including amino acids, vitamins, glandular prepa- 
rations and other agents. They report extensive 
studies of basal metabolic rates, tolerance tests, 
and other aspects of the disease. Their study 
of the distribution shows the definite hereditaiA- 
nature of the condition. 

Mackay presents an interesting case of 
dystrophy and the status of treatment at the 
present time. The particular type which he 
describes is the Charcot-Marie-Tooth type. 

Schwartz also describes the various effects 
of progressive neuropathic (peroneal) muscular 
atrophy (Charcot-Marie-Tooth disease), pointing 
out the inheritance factors as well as the clinical 
observ-ations. 


Ataxia . — Brugsch and Hauptmann describe 
an interesting combination of Friedreich’s ataxia 
in combination with neuropathic (peroneal) mus- 
cular atrophy (Charcot-Marie-Tooth disease). 

A'ciiralffia. — Doupe, Cullen and Chance dis- 
cuss the causalgic type of pain that is found in 
post-traumatic neuralgia. 

Diagnostic Procedures . — There has been con- 
siderable work done in electromyographic study 
on the various forms of ner\‘e-muscle distur- 
bances in the last few years. 

Brazier, Watkins and Schwab illustrate the 
difference in various tj-pes of polyneuritis and 
poliomyelitis with regard to electromyographic 
records. 


Hoefer and Guttman have made extensive 
electromyographic studies to determine the level 
of spinal cord lesions. They present the results 
'n 24 cases and conclude that motor unit dis- 
charges recorded from the relaxed muscles ma\’ 
indicate the level of a lesion of the spinal cord, 
oven in the absence of clinical manifestations 
suggestive of involvement of the anterior horn 


Mackay, R. P. : Progressive Muscular Dystro- 
nl' Bcoc. Interst. Postgrad. M. A. North America 
1944, pp. 88-91. 

T 1,^ . ^chn-artz, L. A. : Clinical, Histopathologic and 
. ocilnnce Factors in Peroneal Muscular .Atrophv 
ittarcot-Marie-Tooth T^-pe), T. Michigan M. Soc. 43: 
2>9:230 (yiarch) 1944. ' ' 

Brugsch, H. G., and Hauptmann. A. : Familial 
ccurrence of Friedreich’s Ataxia with Charcot-^Iarie- 
ooth Neural Muscular Atrophv, Bull. New England 
’;fonter 6:42-48 (Feb.) 1944. 

p-iM Doupe, J.; Cullen. C. H., and Chance, G. Q.; 
ost-Traumatic Pain and Causalgic S^•ndrorae, J. Neu- 
Neurosurg. & Psychiat. 7:33-48 (Jan.-.April) 1944. 
Braaier, M. A. B.; Watkins, A. L., and Schwab, 
Electromyographic Studies of Muscle Dysfunc- 
11 infectious Poh-neuritis and Poliomyelitis, New 
"gland J. Med. 230:'l85-189 (Feb. 17) 1944. 

iinoisr, P. F-. A., and Guttman, S. A.; Electro- 
1 ^ Method for Determination of Level of 

4,r'?2? Spinal Cord, Arch. Neurol. & Psychiat. 51: 

"'=-422 (May) 


cells or motor roots. In 17 of 24 cases the lesion 
was satisfactorily localized, and in the others 
fairly close localization was obtained ; false local- 
ization was obtained in only 2 cases. 

De Jong =” has devised an instrument for 
electrical e.xamination and treatment of periph- 
eral nerves, which is a small light unit and 
accomplishes many purposes by virtue of features 
usually not combined in a single instrument. 

Pollock and others === have studied denervated 
muscles with various amperages of current and 
noted the changes which occur when regenera- 
tion is taking place. 

Licht has formulated an outline of electro- 
diagnosis of neuromuscular disease for the army. 

Surgery. — Cerebral Palsy: Chandler"®^ de- 
scribed the surgical procedures which are in 
present use for correcting deformities of spastic 
paralysis and the indications for and the various 
results obtained by the different operations. 

Peripheral Nerve: Schulze has described a 
method of operation for correcting the de- 
formities due to paralysis of the trapezius 
muscle. 

Huguier and Nardi have corrected the 
paralysis of the arm due to stretching of the 
brachial plexus by an injurv-. They have carried 
out this by a combination of arthrodesis of the 
shoulder and wrist and transplantation of the 
tendon. The results have been satisfactory- func- 
tion in the arm for considerable usefulness. 

Weiss has devised technics for the union of 
severed nerves without sutures, by the use of 
tantalum cuffs. 

358. de Jong. H. : Simplification of Method of Elec- 
trical Examination and Therapv of Nerves and Muscles. 
North Carolina M. J. 5:91-92 ’(March) 1944. 

359. Pollock, L. J., and others : Electrodiagnosis by 
Means of Progressive Currents of Long Duration; 
Studies on Cats with Experimentally Produced Section 
of Sciatic Nen-es, Arch. Neurol. & Pri'chiat. 51:147- 
154 (Feb.) 1944. 

360. Licht, S. : Neuromuscular Electrodiagnosis : 
Outline, Bull. U. S. Army !M. Dept, January 1944, 
no. 72, pp. 74-80. 

361. Chandler, F. A. : Surgical Procedures Com- 
monlj- Used in Correcting Deformities of Spastic 
Paralysis, Clinics 2:992-1001 (Dec.) 1943. 

362. Schulze, R. : Trapezius Paralysis; Surgical 
Therapj-, Zentralbl. f. Chir. 70:692 (Ma 3 - S) 1943. 

363. Huguier, J., and Nardi: Complete Impotence 
of Arm Due to Traumatic Elongation of Brachial 
Plexus : Arthrodesis of Shoulder and of M rist with 
Tendon Transplants; Satisfactorj- Functional Result, 
Mem. Acad, de chir. 68:168-173 (Feb. 11-March 4) 
1942. 

364. Weiss, P.; Sutureless Reunion of Severed 
Nerves with Elastic Cuffs of Tantalum, J. Neurosurg. 
1:219-225 (May) 1944; Technologj- of Regeneration: 
Reriew ; Sutureless Tubulation and Related ilethods 
of Nene Repair, ibid. 1:400-420 (Nov.) 19 -t4. 
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Gill, A. B.: Con;:cnltal dislocation of hip, 2S3 
Gold and Gold Compounds ; toxicity In relation to 
pold salt therapy for arthritis, 291 
Gout, treatmcnl, 295 

Grandstaff, K. H. : Xew treatment for postoperative 
pulmonary collapse. 237 

Grant, F, C. : Lesions of spinal epidural space pro- 
duclnc cord compression. 123 
Granuloma, epidural tuberculous, producing spinal 
cord compression, 144 

nonspeclflc, produclnj: spinal cord compression, 143 
syphilitic, produclnc spinal cord compression. 144 
Troplcum : See Frambesla 
Gunshot Wounds : See Wounds 

Hand; Sec nnpers and Toes 

Hauser, E. D, W. ; Conditions InvolrlnR foot and 
anWo. 195 
Head: Sec Cranium 

Hemoclobln and Hemojjlobln Compounds: See also 
Blood 

hemodynamic and biochemical chanfres In dops 
subjected to section of spinal cord ; chances In 
docs surrlvlnj: operation for protracted periods, 
42 

Hemorrhape: See also Hemostasis; Spine; etc. 

electrolyte chances and cbcmotlierapy In experi- 
mental bum and traumatic shock and bemor- 
rhaco, 244 

Hemostasis ; electrolyte chances and chemotherapy 
In experimental bum and traumatic shock and 
hemorrhace. 244 

cclalln sponce, new hemostatic substance; 

studies on absorbability, 233 
gelatin sponce; surclcal Inrestlcatlon of new 
matrix used In conjunction with thrombin In 
hemostasis. C9 

Hepatic Duct: See Bile Ducts 
Hip: Sec also Femur 
aseptic bone necrosis In hip lesions, 193 
conditions Inrolrlnc hip Joint, ISS 
cup arthroplasty, 194 
dislocation, 194 
dislocation, concenital, 2?3 
cunshot wounds of, 193 
hypertrophic arthritis of, 192 
pyosenic coxitis. 192, 193 
' tuberculosis, 2SS 

Hoffman, W. S. : Nitrocen balance studies on surpical 
patients recelvlnc amino acids ; observations on 
patients with obstnictlnp lesions of esophapus 
and stomach recelvlnp amino acids by parenteral 
. injections as exclusive source of protein, 59 
Horn, B. C., Jr. : Lesions of spinal epidural space 
produclnp cord compression, 123 
Hydrocephalus : diagnosis and treatment of strictures 
of aqueduct of Sylvius (causing hydrocephalus). 

Hypotension: See Blood pressure, low 

Ileum: See Intestines 
Industry, march fracture in, 19C 
Infantile Paralysis: See PolIomyelUls 
Infants, premature, epiphysial dyspenesls associated 
with cretinism In, 179 

Infection : See Wounds ; and under names of bac- 
teria, as Staphylococci; etc. 

Inpersoll, F. M. : Intussusception of vermiform 
appendix; report of case, 172 
Injuries: See Trauma; and under diseases, organs 
and regions, as Extremities; Kidneys; Spleen; 
etc. 

Instruments: See Apparatus 
Intestines : See also Gastrointestinal Tract 
Perforation; chronic ulcerative colitis with gen- 
eralized peritonitis and recovery ; treatment with 
penicillin and sulfadiazine, 102 
reestablishment of pancreatic secretion Into intes- 
tine after division of pancreas; experimental 
study, 164 

peers : See Peptic Ulcer 

iniussuseption of vermiform appendix; report of 
. .case, 172 
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changed to regular plaster of pans bandages padded 
at pressure points will) cottonoid, and just before ap- 
plication of the cast sulfanilamide powder was dusted 
over the leg and between the toes. The leg of each 
animal which showed the lesser ma.’cimum deviation 
from the normal mean was the one chosen for immo- 
bilization, and in order to be used this deviation had 
to be below 10 per cent. These data for 18 typical 
cats are summarized in table 1. With these ro^ifi- 
cafions, IS of the 22 cals witlislood a six week period 
in the cast, 8 in the relaxed, 5 in the neutral and S 
in the stretched position. One week was allowed after 
removal from the cast for reestablishment of normal 
joint action and subsidence of edema before the initial 
stimulation was made. Records were obtained once a 
week for the first four weeks after removal of the 
cast and every two weeks after that for a total of 
eight weeks. Tiiirtccn cats were followed for the 


groups, however, shows a great individual varia- 
tion both between members of the group and 
hchveen individual stimulations of the same ani- 
mal. Because of this variation, there is no con- 
sistent loss or gain in strength in the groups in the 
neutral or in the relaxed position. If the great 
loss of cat 77 and the gain of cat 76 are omitted, 
the group in the relaxed position shows little 
significant variation from the mean normal value. 
In the group in the neutral position the reason 
for the gain in strength of cat 84 and the pro- 
nounced loss of strength terminally of cat 34 
is not apparent. On the other hand, all 5 o? 
the animals in the stretched position showed 
significant loss in the first weeds: and remained 
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WEEKS REMOVAL cast. Symbols in 

Vig. 4.__Graph showing twitch height in disuse atrophy of S'lwlwl represents a different cat. 
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below the mean normal value 
period of stimulation, whereas, of the 5 
fn the other groups showing significant loss 

Of the third week. These 
week and 4 by We en immobilization 

data then mduate* 

of normal muscles in disuse 

brings abont motote and 


e eight week period and 3 cats for six weeks, 
t appear in table 2 and are represented graphically 

gure 4. 

'he significant variation from the mean nor- 
twitch strength is summarized in table 4. 
s is taken as that variation from the mean 
mal tivitch strength which is in excess o 
maximum deviation from the mean nuj^a 
is calculated as per cent of mean normal 
strength. Taking the average or the 


s calculated as per cent ot "lean nuu ... .-, . 11071761 ; neutral 
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removed. This gave time for the muscle to 
regain its tone, for its circulation to return to 
an approximateh’ nomial condition and for the 
joints to limber up. We recognize the fact tliat 
there was some recovery of power in the muscles 
during this week but believe that the tests made 
immediately after the removal of the immobiliza- 
tion are apt to give false impressions, and this 
is especially true of a muscle which has been 
immobilized in a position of relaxation. 

Further analysis of the data presents several 
difficulties. The degree of variation of strength 
from one stimulation to the next in the same 
animal is unexplained. It is difficult to believe 
that it is due to a technical error on the part 
of the operator, since the same technic of stim- 
ulation was obseiwed after immobilization as 
before. The average maximum variation from 
the mean in at least three stimulations before 


sectioning the sciatic nerve at tlie level of the ischial 
tuberosiU- and suturing the two ends back under the 
muscle so that they were directed away from each other. 
At the conclusion of the experiment when the gastroc- 
nemius muscles were dissected free and weighed, the 
area of neive section was carefully inspected and no 
evidence of union found in any of the animals, the ends 
of the neive being in most cases 54 to 54 inch (12 to 
1.9 cm.) apart. 

Twelve of these animals were denervated and not 
immobilized. These controls were stimulated once a 
week in order to determine the normal course of atrophy- 
measured by our apparatus. Nine of the animals were 
followed for six weeks or more and 6 of them for as 
long as ten weeks. The other 12 animals were dener- 
vated and immobilized immediately- for a period of six 
weeks, 6 in the stretched and 6 in the relaxed position. 
Another 6 would have been immobilized in the neutral 
position, but the control group had shown our method 
to be unreliable for stimulation of denerv-ated muscle. 

Denervation of muscle increases the time- 
strength characteristic (chronaxia), as shown by 



Fig. 5. — Record of twitch height in denervated muscles. Upper and middle records show no plateau. Lower 
record shows plateau from 3.4 to 5 amperes. Plateau height denoted by compass marks. Stimulation amperages 
listed below each group. 


immobilization was only 4 per cent in this group 
and, as stated before, in a total of 51 cats not 
more than 4.6 per cent. Furthermore, it is 
peculiar that in 3 cats the muscles showed an 
increase in strength following immobilization. 

OBSERVATIONS OX DENERVATED MUSCLES 

The studies on denervation were carried out 
with the idea of determining whether immobiliza- 
tion had any effect in delaying or lessening the 
atrophy- of denervation and, if so, which piosition 
was the most effective. 

In 24 cats the mean normal twitch in the strength of 
muscles was determined by at least three stimulations one 
week apart, and for an animal to be used the maximum 
deviation from the mean had to be less than 10 per cent. 
The leg which showed the least deviation from the mean 
was chosen for dener\-ation. This was carried out by 


.Adrian*’ (1916). Therefore the denervated 
legs were stimulated with only 20,000 and 30,000 
ohms in the secondary, thus producing a longer- 
acting stimulus. Still no definite plateau could 
be obtained consistently. Sometimes a plateau 
from 3.8 to 5 amperes could be recorded, while 
at other times no plateau could be found even 
up to 5 amperes (fig. 5). This applied to stim- 
ulation of an individual muscle from week to 
week as well as to the group as a whole. We 
attributed this inability to obtain a plateau in 
the denervated muscles to several factors. With 
deneivated muscle, excitation is entirely through 
the muscle fibers and, in contrast to the disuse 
atrophy muscles, no nerve stimulation occurs. 

11. -Adrian, E. D. : The Electrical Reaction of Muscles 
Before and .After Nerve Injury, Brain 39:1-33, 1916. 
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muscle itself requires a longer period of 
stimulation before reacting to the current, as 
mentioned before. The mass of muscle was so 
great anti the spread of the exciting current so 
nonuniform that high current strengths were, 
necessarj’ before all the muscle fibers could be 
reached. When these current strengths were 
used, they were so great that the fibers closest 
to the electrodes were being overstimulated and, 
in fact, responded more than once to each shock. 


that the Joss in wet weight of a denervated mus- 
cle IS not a reliable criterion for judging its lo- 
in power. 

COJISIENT 

We believe that the method of recording and 
determining the strength of a single contraction 
(twitch) in the gastrocnemius-soleus group of 
muscles at the break plateau level is a satisfac- 
tory' method of determining the power of this 
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Shortening the duration of shock sufficiently to mten^als m the firing animal. By thi; 

prevent fiiis required unmanageable amperages possible to establish a nonnal for a 


tliat caused arcing at the sivitch 

Realizing these limitations of the data, the 
plateau values or, in the many cases in which 
plateaus were not obtained, the highest con- 
traction recorded with amperages up to 5 am- 
peres were analyzed. Amperages of 3.S or 
iu’gher had to be used almost exclusively. These 
data show that of the control group fii'e muscles 
after six iveeks’ denervation and four muscles 
after seven weeks’ denervation each lost 29.4 
r cent of their original strength. These nine 
muscles had lost an average of 21.9 per cent of 
their strength at the end of only one week’s 
denervation, which would seem to indicate that 
not all the muscle fibers were being stimulated, 
or if they were it indicates an immediate loss 
of strength on denervation of muscle followed 
hy a much more gradual loss. Even if not all 
the fibers are stimulated, the loss in strength 
from 21.9 per cent to 29.4 per cent in six weeks’ 
denervation may indicate the speed of the change 
occurring in the muscle,- because the current 
spread is the same and the same proportionate 
number of fibers would be reached with each 
stimulation. In the groups which were dener- 
vated and then immobilized six weeks, those 
muscles immobilized in the relaxed position 
showed an average loss in strength of 73,6 per 
cent in 3 cases and those immobilized in the 
stretched position lost approximately 51.8 per 
cent in 5 cases. 

In the denervated animals, the loss in wet 


given muscle and then to determine the strength 
of a single twitch of the same muscle after it has 
been immobilized. 

Our experiments on disuse atrophy were not 
very satisfactory' because of difficulty in main- 
taining the animals in good condition and in 
maintaining satisfactoiy immobilization over the 
desired period of six to right weeks. (As a 
matter of fact, we used over 90 animals in these 
experiments and only results for the last groups 
are recorded.) From our data it seems that 
immobilization of an extremity over a reason- 
• able period is not greatly detrimental to nor- 
mal muscles unless they are immobilized in a 
stretched position. It is further to be noted 
that these muscles quickly' recover their normal 
power spontaneously when set free and permitted 
to function, and no physical therapy is necessaiy. 
Admittedly, our immobilization was not absolute, 
but neither is that used clinically in plaster casts 
or splints. 

Of the three positions used, the relaxed and 
neutral positions were Jess harmful and the 
stretched position was more harmful, and this 
conforms with our clinical observations in the 
past. 

We realize the inadequacy of our experiments 
on denervated muscles and the danger of draw - 
ing conclusions from inadequate data, but it is 
our impression that prolonged immobilization 
in any position is more harmful to denervated 
tiiuscles than to normal muscles. We beiJe^e 
that the danger of “stretch paralysis” in extremi- 
ties which are not immobilized has been over- 
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weight after seven weeks' denervation was prac- emphasized and that the paralyzed muscie ts 
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tically the same in each of the three groups 
studied. Bv comparing the wet weight of the 
denervated muscle to that of the normal muscle, 
we found that the control group lost 63 per cent 
in 3 animals, the group which was so immobilized 
in a stretched position 61.6 per cent in 4 animals, 
and the group immobilized in relaxed position 
55 9 per cent in 3 animals. This approximately 
equal Joss in weight of the three groups does not 
correspond to their pronounced difference m loss 
of power and is further support for the feeling 


better left unspJinted, unless splints are neces- 
sary to relieve pain, to prevent deformitj or to 
aid function In permanently paralyzed extremi- 

ties. , 

In line with this reasoning is the question OJ 
priorit)' in fracturbs of the extremities com^.' 
cated hy peripheral nerve lesions. We beliei 
that when possible the nerve should be repaire 
without ivaib’ng for the fracture to ^ . 

for the infection in the bone to heal or 5^ ' 
cated. With the aid of chemotherapy, this ca- 
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be done with relative safety. We further believe 
that when practical internal fixation should be 
used for fractures complicated by neiwe lesions 
in order that external fixation may be reduced 
to a minimum. For this, there maj- be a place 
for tlie dual plates recently described by one of 
us (J. A. K.). 

During tlie course of the work, we have 
thought of several means to improve the method 
and to eliminate obstacles which were encoun- 
tered. Since we cannot effect them at this time, 
we make them as suggestions to any one inter- 
ested in carrj’ing this work further. 

1. In denervated muscle, a satisfactorj- plateau 
could probabl}' be obtained on stimulation if 
smaller experimental animals were used. The 
main factor in our inabilitj* to obtain this plateau 
was the size of the muscle wliich was so great' 
in cats that stimulation of all the muscle fibers 
required current strengths which stimulated the 
fibers nearest the electrodes more than once. The 
smaller the muscle mass, the less important this 
factor would be. 

2. Arcing across the points of the hand switch 
was another difficult)". A thyrotron would elim- 
inate this, give better control of stimulating cur- 
rents and make possible their use at much higher 
values acting for a shorter time. It could also 
be set to deliver a standard number of stimuli 
at each current strength used, thus eliminating 
excess stimulation and any fatigue factor which 
that may introduce. 

3. The twitch measures immediate power but 
gives no indication of endurance. A study 
of tetanic strength in disuse and dener\"ation 
atrophy may )'ield important information. Such 
a study was not possible with our apparatus 
because the inductorium could not carry the 
necessary^ current strength. A thyrotron, how- 
ever, would pro\"ide a means for constant 
strength tetanic stimulation at high currents. 

SUMMARY 

This study attempts to determine two things: 
(1) the optimum position of fixation of limbs 
in order to consen-e muscle power and (2) the 


best method of treatment of muscles paralyzed 
by loss of neiwe supply. 

A review of the literature on muscle physi- 
olog)- shows that in most of the studies of disuse 
and dener\"ation atrophy weight has been used 
as a criterion of the atrophy. Functional studies 
have employed methods requiring the killing of 
the animal after one stimulation. Only one func- 
tional study has been reported in which the 
same animal was repeatedly stimulated, and this 
method was not satisfactor)" for our purpose. 

A method was developed for recording the 
twitch strength of the gastrocnemius-soleus group 
of muscles in cats. By means of the described 
method, animals have been stimulated as much 
as twelve different times without noticeable ' ill 
effect. 

In a series of 51 normal cats stimulated at 
weekly intervals, this method )'ielded normal 
values for one leg, which showed only 4.6 per 
cent average maximum deviation from the mean, 
with a maximum deviation range of 0 to 8.3 per 
cent. 

This method was applied to the study of dis- 
use atrophy. After normal values were deter- 
mined legs were immobilized for six weeks, with 
the muscle group in stretched, relaxed and neu- 
tral positions. Stimulation for eight weeks fol- 
lowing removal of the cast showed moderate and 
persistent disuse atrophy in the muscles which 
were stretched, whereas the relaxed and neutral 
groups showed little consistent effect. 

Denervated cats also were immobilized in 
various positions, but the study was unsatisfac- 
tor)" because no definite contraction plateau could 
be obtained in response to stimulation. 

On the basis of the data obtained from dener- 
vated cats, however, the suggestion is made that 
denervated muscles atrophy less if left alone than 
if immobilized. Emphasis is also placed on 
repairing the nerve before the bone is healed 
when fractures are complicated by peripheral 
nerve injuries. 

Dr. George Bishop, Professor of Bioph^-sics, Wash- 
ington Universitj" School of Medicine, has given help, 
without which this method could not have been developed 

Clarence B. Rupe, M.D., has given technical assistance 
in some of these experiments. * 
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tIio ■■'7" ‘“aae m with a clearer conception of the operative technic 

wiving the head o? 5f carcmoma in- and with a reasonable chance of accomplish^ a 
if ^ ^ I ^ surgical cure. Despite widening experience ruth 

^ publication tb's difficult surgical problem, however, the ind- 

dence of postoperative complications, some of 
which are fatal, remains high. Some of the more 
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of Whipple, Parsons and Mullins ^ opened an 
avenue of approach' to a technical field which 
previously had been entered only at sporadic 
inteiwals. Numerous contributions to the tech- 
nical details of the operation have appeared in 
the literature of recent years, and complete re- 
views of their development have been recorded.^ 
As a result, the matter of pancreatic and peri- 
ampullary carcinoma can be approached toda}' 


Mr. Mace is student assistant in Surgery. 
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distressing postoperative sequelae are referable 
to the stump of the divided pancreas and consist 
of external pancreatic fistula, acute pancreatic 
necrosis, retention c^'st and chemical, or "en- 
zymatic,” peritonitis. 

The pancreatic stump has been handled, gen- 
erally speaking, by one of two methods: occlu- 
sion by inverting sutures, witli or without liga- 
tion of the duct of Wirsung, or some form of 
pancreaticoenterostomy, in which the stump is 
implanted into a segment of intestine. As regards 
the first method, digestion of the inverting su- 
tures occurs all too frequently, with resultant 
leaking of pancreatic juice and the consequent 
development of one or more of the aforemen- 
tioned complications. Concerning the second 
method, the question has been raised whether 
reimplantation of the pancreatic duct into the 
gastrointestinal tract is actually necessary*, inas- 
much as it is well established that many patients 
live normal, health)' lives after being deprived 
of the external secretions of the pancreas. On 
the contrar)', numerous persons in whom the 
continuity of tlie pancreaticointestinal relation- 
ships has been disrupted suffer severely from 
disturbances of fat digestion in the form of 
steatorrhea and malnutrition. In their discus- 
sion of this matter, Pickrell and Blalock = con- 
cluded that whenever possible pancreatic secre- 
tions should be presen-ed by implantation of the 
duct into the bowel. Child * has stated that the 
significant single fact is that if cannot be fore- 


3. Pickrell, K. L., and Blalock, .4.: The Surgical 
Treatment of Carcinoma of the Common Bile Duct, 
Surgery 15:923, 1944, 

4. Child, C. G., Ill: PancreaUcojcjunostomy an: 
Other Problems Associated with the Surgical Manace- 
ment of Carcinoma Involving the Head of the Pancraf, 
Ann. Surg. 119:843, 1944. 
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cast prior to operation to which group any given 
patient will ultimately belong” and, consequently, 
advocated maintenance of the external secretory- 
function of the pancreas. Further support to the 
importance of presen-ing the pancreatic juice 
has been given recently by- \Vliipple.“ 

When .one has adopted the idea that some 
variety of pancreaticoenterostomy is desirable, 
the problem arises of developing a s^itisfactory- 
technic. Experimentally, several metliods have 
been applied, beginning in 1909 with the com- 
plicated procedure of Coffey-.® In 1915 Sweet 
and Simons " described a method of implanta- 
tion of the divided pancreatic stump of a dog 
into the small intestine, while Patrie, Py-le and 
Vale® in 1917 reported a similar procedure on 
dogs, -tt-itli a satisfactory- functional result. More 
recently-. Person and Glenn ® demonstrated the 
feasibility- of implanting the pancreatic stump 
into the stomach by- open anastomosis in dogs. 
Their results indicated that pancreaticogastros- 
tomy produces a normally functioning fistula and 
that in such a situation atrophy- of the pancreas, 
acute pancreatitis, peritonitis and deposition of 
lipids in the liver do not occur. Extending the 
matter of pancreaticoenterostomy- further, Poth,^® 
Child * and Cattell each have applied some 
form of the procedure in clinical practice, with 
satisfactory- results. 

An evaluation of the technics employed by the 
aforementioned investigators directs attention to 
two important factors: with the exception of 
Cattell’s simple method, all procedures involve 
an open anastomosis, thereby causing a breach 
in asepsis, and most are too time consuming, 
even though mechanically- simple. The radical 
operative treatment of periampullary- and pan- 
creatic carcinoma is a formidable test of the 
patient’s endurance, and the consen-ation of 
time may- be an important factor in the ultimate 
outcome. Inasmuch as the disposal of the pan- 
creatic stump represents a terminal step in the 

5. Whipple, A. O., in discussion on Dragstedt, L. R. : 
Some Physiologic Problems in Surger 3 - of the Pancreas, 
.•Sinn. Sjjrg. 118:591, 1943. 

—^'C. Cvbcy, R. C. : Pancreatic-Enterostom}- and Pan- 
Treatectomy: A Preliminary Report, Ann. Surg. 50: 

• 1238, 1909. 

7. Sweet, J. E., and Simons, I. H. : Some Eixperi- 
ments on the Surgerj- of the Pancreas, Ann. Surg. 61: 
308, 1915. 

8. Patrie, H. H.; Pyle, L. .A., and Vale, C. F.: 
Recent Experimental Studies of the Pancreas, Surg., 
Gynec. & Obst. 24:479, 1917. 

, 9. Person, E. C, Jr., and Glenn, F. : Pancreatico- 

, gastrostomy. Arch. Surg; 39:330 (OcL) 1939. 

' 10. Poth, E. J. : The Implantation of the Pancreatic 

'.Duct into the Gastrointestinal Tract, Surger\- 15:693, 
1944. 


procedure, when the patient's vitality is lowest, 
the method of managing this technical detail 
should be uncomplicated and quickly performed. 
As regards asepsis, it is advisable to avoid, if pos- 
sible, opening the intestine in the presence of 
the large raw surface created by duodenectomy. 
With the idea in mind of developing an aseptic 
technic which can be performed with minimal 
loss of time and by which the external pancreatic 
secretions can be preserved, the following experi- 
mental study was conducted. 

METHOD 

Twenty-two dogs were studied. Fifteen were sub- 
jected to operation under anesthesia induced by intra- 
venous injections of pentobarbital sodium by the 
following technic. The duodenum was delivered into 
the wound along with the attached pancreas. The gland 
was divided at the junction of the uncinate process and 
the body without disturbing the relationships of the 
latter to the duodenum (fig. 1 A), thereby leaving intact 
the junction of the main pancreatic duct with the am- 
pulla of Vater. The exposed transected surface of pan- 
creatic body was closed by interrupted invaginating 
sutures of fine silk after ligation of the divided duct 
(fig. lA). In this manner, the long uncinate process 
(10 to 15 cm.) was isolated entirely from the remainder 
of the gland, maintaining its independent blood supply 
intact. No attempt was made to ligate the divided end 
of the uncinate duct, but it was allowed to retract into 
the parenchj-ma of the gland (fig. IB). A loop of 
jejunum about 7 inches (17.7 cm.) from the ligament 
of Treitz was next brought into the wound. In the long 
axis of the antimes enteric surface of the jejunal loop, 
an incision was made of sufficient length to accommo- 
date the cut surface of the imdnate stump. Particular 
care was taken to carry the incision down to, but not 
through, the mucosa, so that an opening into the lumen 
would not occur. The serosal edges of the incision were 
spread apart gentlj', and the stmnp of the divided unci- 
nate process, with its retracted duct, was implanted into, 
the jejunal wall and made secure by interrupted sutures 
of fine surgical gut (fig. 1 C). The abdominal wound 
was closed in layers. 

The remaining 7 animals were operated on by a modi- 
fication of the technic of Cattell.^^ The procedure was 
similar in detail to that described, except that the unci- 
nate duct was isolated and dissected free from its sur- 
rounding parenchyma so as to protrude from the divided 
stump of the gland. A crushing ligature of fine surgical 
gut was tied tightly about the protruding duct. One 
end of the ligature was then passed as a suture through 
the exposed jejunal submucosa and tied firmly to the 
other end, thus bringing the crushed duct against the 
mucosa in a firm, necrotizing ligature (fig. ID)* 
The pancreatic stump was secured into the jejunal wall 
in the usual manner (fig. 1 C). 

All animals suiwived and remained in good condition. 
Each was fed the same diet of prepared commercial 
dog food containing relatively low concentrations of 
protein and fat. No particular effort was made to sup- 
ply pancreatic secretagogues. 

Observations of the state of the pancreaticoenteros- 
tomy were made at intervals vaiying from seven to 
fortj’-eight da 3 -s by the following technic. The abdomen 
of each dog was reopened, with the animal under anes- 
thesia induced bj- intravenous injections of pentobarbital 
sodium, and the pancreaticoenterostomy exposed. The 
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RESULTS 

None of tlie animals showed gross evidence 
of active peritonitis or fat necrosis, although 
local adhesions about the pancreaticoenterostomy 
were pronounced in 4 (IS per cent) and moder- 
ate in 11 (50 per cent) ; in the remaining 7 (32 
per cent), adhesions were slight or absent. Other 
significant observations are summarized in the 
table. 

Response to Sceretiii . — Of the 22 animals 
studied, 15 showed definite secretion of pan- 


Among the 6 remaining failures, dogs 4, 5 and 
12 were tested within nine days of the operation. 
Despite the negative response of dogs 4 and 5, 
microscopic sections showed that a junction had 
been made between the pancreatic duct and the 
jejunal mucosa, while dog 12 showed acute pan- 
creatitis and no evidence of fistula. Two other 
negative responses occurred, in dogs 7 and S, 
investigated at hventy-one and twenty-six days 
respectively. Microscopic sections in these ani- 
mals revealed diffuse fibrosis of the pancreatic 



Fig. 2. Pronounced dilatation of the duct due to obstruction from fibrosis. 2\ote the flattened epithelial lining 

and the moderate degree of parenchymal scarring (X 40). 


' creatic juice at the pancreaticojejunal junction 
' after intravenous injection of secretin, an inci- 
' dence of spontaneous fistula formation of 68 per 
cent. One (dog 11) died of air embolism im- 
. mediately after the injection of secretin into the 
. vena cava, so that no determination of the 
■ secretorj' response could be made. Elimination 
of this animal from the series would result in an 
/ incidence of 71 per cent of spontaneous fistula 
formation. 


stump, failure of the duct to form a junction with 
the jejunal mucosa and pronounced dilatation of 
the duct s^-stem (fig. 2). In the last failure, dog 
9, a large retention cyst of the implanted stump 
developed, containing fluid which gave a strongly 
positive reaction for amylase. 

Acute Pancreatitis . — IMicroscopic studies of 
the implanted pancreatic stumps revealed some 
evidence of acute inflammator}’ reaction in 6 
animals; an incidence of 27 per cent. As noted 
in the table, pronounced diffuse pancreatitis was 
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and 19 . The small duct was dissected free from 
die paucreatic parenchyma in the distal portion 

COMMENT 

An evaluation of the results of this studv 
should pertain primarily to the functional effec- 
tiveness of the pancreaticojejunostomy as re- 


archives of surgery 


This study was designed to develop not onlv 
an aseptic and time-saving method of disposal 
f the pancreatic stump but also a means of pre- 
senung the external secretion of the pancreas 
Hoarding the latter phase of the problem re- 

fafur«T “ 3i*ough some frank 

failures have occurred. Seven animals showed 

absence of secretorj- activiV at the pancr^ 
ahcoenterostomy after intravenous injection of 
secretin One of these, dog II, died of air em- 
bolism (see preceding section) and can be e.v- 


Fig. 5. — High power field of figure d. Hole the limited preservation of norma! acinar dements. 



gards the usual complications of radical pancre- 
atic surgical treatment. The latter sequelae con- 
sist of external pancreatic fistula, acute pancre- 
atitis, retention cyst and chemical peritonitis. 
The incidence of severe acute pancreatitis was 
9 per cent in the animals studied, while only 
one retention cyst was found. There was no 
external pancreatic fistula and no peritonitis. 
On the basis of these results, it can be concluded 
that aseptic pancreaticojejunostomy in dogs 
according to the technic outlined is attended by 
a low incidence of the complications which com- 
monly follow division of the pancreas. 


eluded from the series. Of the remaining 6, 
dogs 4, 5 and 12 .were studied nine, seven and 
seven days, respectively, after operation. There 
was neither pancreatitis nor fibro.sis of notaI>^ 
extent of the implanted stump in dogs 4 am -• 
while each was found to have microscopic cii- 
dence of a junction between the duct epithehum 
and the jejuna! mucosa. Inasmuch as t icrc 
demonstrated none of the factors w uc i m-, 
interfere with secretion, the question 
to how early secretoiy activity ' 

oancreaticoenterostomy- Dog 1-, althougj 
larently healthy, showed micro.'copic evi/- - 
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of pronounced diffuse acute pancreatitis unac- 
companied by fat necrosis. This factor, in 
association with the short postoperative inten'al, 
was considered sufficient explanation for failure 
of secretion to occur. The other failures were 
dogs 7, S and 9. all killed three weeks or more 
after operation. The first 2 showed moderate 
diffuse fibrosis with considerable dilatation of the 
duct (fig. 2), and no evidence of pancreatitis, 
indicating that obstruction of the duct resulted 
from fibrosis of the adjacent parenchyma. In 
dog 9 a large retention C3'st developed which 
replaced tire entire uncinate parenchyma, owing 
to failure of tlie duct to break through the jejunal 
wall. Studies of the excised specimens of dogs 
7, 8 and 9 failed to reveal an)' explanation of 
the selective action of fibrous tissue in causing 
obstruction of the ducts. Furthermore, it could 
not be determined from the investigations what 
factors decided whether cyst formation or simple 
dilatation would occur. 

Varj'ing degrees of acute pancreatitis occurred 
in 6 animals. Two of these showed evidence of 
slight patchy inflammation, principally around 
the sutures ; 2, moderate diffuse reactions which 
did not interfere with secretion and 2, extreme 
diffuse inflammator)' infiltration. In those ani- 
mals in which the uncinate duct was allowed 
to retract into the parench)ma of the gland, a 
collection of pancreatic juice might be expected 
to develop at the site of implantation, pending 
spontaneous breakthrough into the jejunum, in 
a high percentage of instances. In such circum- 
stances, diffuse pancreatic necrosis would be 
inewtable in a considerable number of cases. 
The development of slight, patchy, acute pan- 
creatitis in 2 dogs and moderate diffuse pan- 
creatitis in 2 is erddence that such a situation 
does not occur frequentl)\ On the other hand, 
a crushing ligature about the duct, holding it 
fimilj' against the jejunal submucosa, should 
minimize the local accumulation of pancreatic 
secretion and thereby eliminate the subsequent 
development of diffuse pancreatitis. Actually, 
the onl}' 2 instances of severe pancreatitis oc- 
curred in animals subjected to tire latter technic. 
The first was found in dog 12, investigated 
seven daj's after operation and showing a nega- 
tive response to secretin. The second was found 
in dog 21, thirty-four days postoperative!}-, in 
which the reaction to secretin was positive. In 
the latter animal, the pancreatitis was acute and 
the fibrosis was minimal, indicating that the 
inflammator}- process developed late in the post- 
operative course. The interesting aspects of this 
. case pertain to the pathogenesis of the pancre- 
atitis and to the possibilities of its late effects had 
the animal been allowed to live longer. .At the 


time the dog was killed, tliere was no obvious 
condition to suggest a disease of any kind. 

Despite the fact tliat 15 dogs presented no 
evidence of acute pancreatitis, some degree of 
fibrosis was noted in all but 2 of tlie total num- 
ber. This situation may be interpreted as mean- 
ing that at some period of the postoperative 
course inflammatory infiltration of the implanted 
stump occurred, being displaced by scar tissue 
at a later date. If this reasoning is correct, it 
is suggested that acute pancreatitis develops 
shortly after operation in the majority of ani- 
mals, is limited in its scope and is successfully 
replaced by fibrous tissue proliferation. An im- 
portant observation is the fact that of 18 ani- 
mals showing vaiydng degrees of fibrosis of the 
stump (omitting dogs 5, 9, 11 and 20; see the 
table), only 4 showed a negative response to 
secretin. It is significant that considerable 
amounts of adnar tissue can be replaced by 
scar without eliminating the secretory function 
of the gland (fig. 4). Apparently, as noted in 
dogs 7, 8 and 9 (see the preceding section), 
scarification interferes with function only when 
it causes obstruction of the duct. There are 
no possible means of predicting this selective 
action before pancreaticojejunostomy is per- 
formed, but its inddence is low in the animals 
studied in this series. 

SUXIM.’^RV AND CONCLUSIONS 

An aseptic technic of implanting the transected 
uncinate process of the dog’s pancreas into the 
wall of the jejunum is described. 

Spontaneous fistula formation developed be- 
tween the divided pancreatic stump and the 
jejunum in 71 per cent of the animals, as deter- 
mined by the appearance of pancreatic juice at 
the fistula after intravenous injection of secretin. 

A low incidence of the usual complications of 
transection of the pancreas occurred, there being 
no peritonitis, no external pancreatic fistula, 1 
retention C}-st and 2 instances of severe acute 
pancreatitis. 

All animals survived and remained in good 
health regardless of whether complicating factors 
developed or whether pancreatico jejunal fistulas 
were formed. 

A significant fact noted was that fibrous tissue 
infiltration of the implanted pancreatic stump 
can occur to a considerable extent v-ithout inter- 
fering with the secretory function of the gland. 

Results obtained in this study suggest appli- 
cation of the methods described to patients un- 
dergoing radical surgical treatment of carcinoma 
involving the head of tlie pancreas and the peri- 
ampullar}- region, for whom preservation of the 
external secretion of the pancreas is desired. 
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into the ascending colon. If the intussusception 
becomes compound, tlien the clinical picture is 
that of intestinal obstruction. 

The treatment of intussusception of the ap- 
pendix into itself is appendectomy. In the event 
of a completely intussuscepted appendix, the 
appendix is removed by resecting a small cuff 
of cecum which surrounds the base of the ap- 
pendix. The compound variety may be easily 
reduced, but if gangrenous, resection of a portion 
of the cecum and anastomosis of the ileum to 
the ascending or transverse colon are required. 

REPORT OF A C'tSE 

A 45 year old bipara was seen by a physician three 
years prior to operation for severe pain of twelve hours’ 
duration in the right lower quadrant. The sudden acute 
pain was associated with nausea, vomiting and abdominal 
tenderness. Physical examination demonstrated tender- 
ness without spasm in the right lower quadrant, a normal 
uterus and normal vaults. Her white blood cell count 
was 22,500, blood pressure 96 systolic and 60 diastolic 
and pulse rate 64. The urine was normal. Her i)ain 
and tenderness subsided in fort 3 '-eight hours, and she 
^vas well imtil one month later, when a similar pain in 
the right lower quadrant of the abdomen occurred. 
During the next six months she was free of pain, and 
physical examination revealed no abnormalities on three 
occasions. Two years later the pain recurred, asso- 
dated with a slight fever. Su'Il later the patient rvas 
referred to us. We found nothing abnormal on abdomi- 
nal examination but an enlarged uterus. There was a 
large cj'Stic mass in the right vault On Nov. 24, 1943, 
with the patient under nitrous oxide, oxj-gen and ether 
anesthesia, an appendectomy, total hysterectomy and 
bilateral salpingo-oophorectomy were performed. The 
appendix was short and broad, and the junction of the 
appendix and cecum was unusually wide, measuring 1.5 
cm. Because of its wide base, the appendix was re- 
moved between two Kocher clamps and the stump dosed 
with two rows of chromic surgical gut stitches. Both 
omries were destroyed by large endometriomas which 
were adherent to a uterus containing fibroids and also 
to the under surfaces of the broad ligaments. The 
patient made an uneventful recovery. 


The Specimen . — The distal half of the appendix had 
intussuscepted into the proximal half, and the invaginated 
mucosal surface of the tip of the appendix was smooth 
and glistening and was not ulcerated. The inverted 
end filled the wide lumen of the appendix, and the tip 
lay almost at the junction of the appendix and the 
cecum. In the accompanj-ing drawing the wide base of 
the appendix is illustrated, as is the relationship between 



Showing the wide base of the appendix and the rela- 
tionship between appendix and cecum. At lower right 
the slight dimple at the end of the appendLx is shown. 

the cecum and the appendix. An end on view of the 
appendix is shown to demonstrate the slight dimple 
present, and on either side of the dimple there were 
bluish spots which were undoubtedly small endometri- 
omas. Because of the loss of the appendix before micro- 
scopic examination, the diagnosis of endometriosis cannot 
be substantiated. 

The first attack of pain, three years before 
operation, was undoubtedly acute appendicitis. 
This inflammator)- process may well account for 
the subsequent development of the intussuscep- 
tion. The recurrence of the pain which neces- 
sitated further examination and operation in all 
probability was due to the intussusception, al- 
though the large endometriomas may have pla3'ed 
some part in the production of the abdominal 
pain. 
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encroachment on the brain, resulting in severe 
neurologic symptoms. An unusually good re- 
sult followed surgical treatment in which lami- 
nectomy and suboccipital decompression were 
done. 

A' euro fibromatosis and Osteitis Fibrosa Cys- 
tica. — In an excellent article Thannhauser * 
manifests interest in these conditions. Informa- 
tion continues to be added to the knowledge of 
tliem, though in tlieir essential clinical features 
the}" are much the same as von Recklinghausen 
described them. Even he referred to cases with 
identical features reported by previous authors. 
The French school, led by P. Marie and H. 
Bernard, added to the syndrome the pigmentar}' 
anomalies of the skin, while the German,- English 
and American literature added the visceral and 
the osseous changes. Mandl contributed a great 
advancement in knowledge" when he described 
extirpation of an adenomatous parathyroid gland 
from a patient suffering from osteitis fibrosa 
cystica. Knowledge was also added by the phys- 
iologic studies of Collip. 

Thannhauser clarifies the pathogenesis of 
osteitis fibrosa cystica localisata and disseminata 
(von Recklinghausen) and demonstrates that 
under the heading of osteitis fibrosa cystica 
Recklinghausen t^vo etiologically different en- 
tities are reported; Osteitis fibrosa cystica dis- 
seminata is shown to be related by its clinical 
and histologic features to neurofibromatosis 
(Recklinghausen) ; hyperparathyroidism \vith re- 
sulting fibrocystic lesions of bone is primarily 
caused by h}"perfunction or adenoma of one or 
both parathjToids. 

Coburn ® emphasizes that in cases of para- 
thyroid adenoma the diagnosis is often over- 
looked and states that this is regrettable because 
of the brilliant results from early extirpation. 
He reports a case in detail in which s}'mptoms 
were manifest over a period of fifteen years. 

Ordinarily, after remoral of a parathyroid 
adenoma, tlie skeleton lesions recalcify. Voltz 
and Smull • report a case, however, in which 
in five postoperative years this failed to occur, 
though there was no recurrence of hyperpara- 
thyroidism. 

5. Thannhauser, S. J. ; Neurofibromatosis (von 
Recklinghausen) and Osteitis Fibrosa Cystica Locali- 
sata ct Disseminata (von Recklinghausen), Medicine 
23:105-149 (May) 1944. 

6. Coburn, D. E. : Severe Osteitis Fibrosa Cystica 
with Parathvroid Tumor, Am. J. Surg. 66:252-258 
(Nov.) 1944. 

7. \'oltz, C. P., and Smull, K'. : Hj-perparathyroidism 
with Failure to Recalcify After Removal of Parathyroid 
.•Adenoma (A Case Report), .^nn. Int. Med. 21:529-332 
(-■Kug.) 1944. 


Alexander, Pemberton, Kepler and Broders ” 
summarize completely most of the knowledge 
of parathyroid tumors to date. They report 14 
cases and lay stress on the widely divergent 
clinical pictures. It is brought out that the 
changes in bone appear to be an index more 
of duration than of severity-. 

Osteomalacia. — Ghormley and Hinchey ° sug- 
gest the use of aluminum acetate in treatment 
of malacic bone diseases. They present clinical 
cases of improvement in symptoms and roent- 
genologic evidence of increase in calcification as 
justification for its clinical trial and as a stimulus 
to research. A high percentage of improvement 
was noted in cases of osteoporosis, osteitis de- 
formans, osteitis fibrosa and osteogenesis im- 
perfecta. 

The incidence of renal lithiasis in this series 
was 60 per cent. In 13, or 92.8 per cent, of 
the cases, the tumor showed cv-tologic evidence 
of malignancy. The malignant nature of the 
tumors makes complete removal imperative, ac- 
cording to the authors. It is therefore not 
advisable to leave tissue to avoid tetany, as this 
condition can be controlled with calcium and 
vitamin D. 

Fibrous Dysplasia of Bones (Albright Syn- 
drome). — Dod<ert}', Meyerding and Wallace^" 
report the thirt}--fourth case in the literature 
since the description of fibrous dysplasia of bones 
in 1937 by Albright. In the case presented 
there was the characteristic triad of rather dis- 
sociated manifestations, consisting in dissemi- 
nated fibrosis of bone, patchy cutaneous pigmenta- 
tion and precocious pubert}' in females. 

Osteogenesis Imperfecta. — For some time, dis- 
cussion has centered around the question as to 
whether osteogenesis imperfecta (Vrolik), in 
which there are intrauterine fractures, differs 
from the Lobstein type, in which only postnatal 
fractures occur. Rosenbaum reports cases of 
the tyvo types in the same family, tending to 
disprove the duality of the syndromes as pro- 
pKJunded by Glanzmann. In addition, he found 

8. Ale.vander, H. B. ; Pernberton, J. dej. ; Kepler, 

E. J., and Broders, A.. C. : Functional Parathyroid 
Tumors and Hj-perparathvroidism, Am. T. Surg. 65: 
157-188 (Aug.) 1944. 

9. Ghormley, R. K., and Hinchey, J. J. : The Use of 
Aluminum Acetate in the Treatment of lifalacic Dis- 
eases of Bone, J. Bone & Joint Surg. 26:811-817 
(Oct.) 1944. 

10. Dockerty, M. D. ; Meyerding, H. W., and Wallace, 

G. T.: .Albright Syndrome (Fibrous Dysplasia of Bones, 
with Cutaneous Pigmentation in Both Sexes and 
Gonadal Dvsfunction in Females), Proc. Staff Meet. 
Mayo Clin. 19:81-88 (Feb. 23) 1944. 

11. Rosenbaum, S.: Osteogenesis Imperfecta and 
Osteopsathyrosis, J. 'Pediat. 25:161-167 (.Aug.) 1944. 
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Holm calls attention to the lines formed in 
• growing bones as a result of phosphorus poison- 
ing and shows by. roentgenograms that they 
may last a lifetime.- 

Ugauieiits, Muscles and Tendons. — ^Kuhns=^® 
points out that ligamentous weakness is present 
and easily discernible -as a clinical entity in 10 
per cent of children but that ligamentous tight- 
ness is also present in many and has received 
scant attention. Tightness is found more fre- 
quently in the hamstring and back areas. 

Goldberg and Comstock =* emphasize the dif- 
ferential diagnosis of herniations of muscle 
obser^'ed in the legs from lipoma, hematoma, 
tuberculosis, pseudo hernia and varices. A case 
of multiple small hernias of the tibialis anterior 
muscles of both legs is presented. 

In an analysis of 190 cases of chronic non- 
specific tenos^Tiovitis and peritendinitis, Lips- 
comb feels that trauma is in most instances 
the etiologic factor. The pathologic changes 
are reviewed, and his opinion is that they differ 
only in degree and depend on the duration of 
the disease primarily. Conseiwative treatment 
consisting in splinting and roentgen ray ther- 
apy is adHsed, and if improvement does not 
occur surgical intervention is indicated. 

19. Holm, O. F. : Beitrag zur Kenntnis der Entstehung 
der Phosphorsklerose, Acta radiol. 23:349-561, 1942. 

20. Kuhns, J. G. : Tightness of Ligamentous Struc- 
tures, Arch. Pediat. 61:179-183 (April) 1944. 

21. Goldberg, H. C., and Comstock, G. W.: Her- 
niation of Muscles of the Legs, War Med. 5:363-367 
(June) 1944. 

22. Lipscomb, P. R. : Chronic Nonspecific Tenosyno- 
vitis and Peritendinitis, S. Clin. North America 24: 
780-797 (Aug.) 1944. 


Osteochondritis. — Uhr}' presents an inter- 
esting review of 79 cases of osteochondrosis of the 
tuberosit}' of the tibia (Osgood-Schlatter’s dis- 
ease) and defends the original ideas of the per- 
sons first describing the condition in which the 
disorder develops as a result of minor separation 
of the structures of the tibial tubercle and the 
patellar ligament. The author believes that the 
characteristic pathologic changes represent callus 
repair at the site of separation. He feels that 
osteochondritis as such (that is. inflammation) 
is not in evidence. The immediate instigating 
factor is consistently trauma. 

Sttdeck’s Atrophy. — Buchman -■* reports an 
interesting case of Sudeck’s atroph}' following 
a single minor surgical procedure for explora- 
tion of a tendon sheath. The surgical treat- 
ment was followed by severe symptoms, partially 
relieved by injection of procaine hydrochloride 
after lack of response to usual methods of treat- 
ment. 

Abuse of Bed Rest. — Since this article will 
probably not come within the purview of the 
editors of other sections of “Progress in Ortho- 
pedic Surgery, ” it is felt that it should be men- 
tioned here. Ghormley sounds a keynote of 
change from the emphasis placed on rest by 
Hugh Owen Thomas and cites the many dis- 
advantages of rest as compared with early 
activity in the orthopedic field. 

23. Uhrv, E., Jr. : Osgood-Schlatter Disease, Arch. 
Surg. 48:406-414 (May) 1944. 

24. Buchman, J. : Postoperative Post-Traumatic 
Osteoporosis or Sudeck’s Atrophv, Bull. Hosp. Joint 
Dis. 4:55-61 (Oct) 1943. 

25. Ghormley, R. K. : Abuse of Rest in Bed in Ortho- 
pedic Surgeo’, J. -A.. M. A. 125:1085-1087 (.Aug. 19) 
1944. 


II. CONGENITAL DEFORMITIES 
PREPARED BY J. HIRAM KITE, M.D., .VltANTA, GA. 


For several years I have begun this section 
on “congenital deformities” with a description 
of the experiments conducted by Josef Warkany. 
Each 3’ear he and his workers have given addi- 
tional information on the cause of some of the 
congenital deformities. This past j'ear has 
■ brought information on how to prevent de- 
. formities. 

In times past, various authors have attributed 
congenital malformations to a maternal nutri- 
tional deficienc)-. Warkany and Schraffenber- 
ger,"® after establishing a set pattern of deformi- 
r' ties which follow what they call diet I, made 

■ 26. Warkany, J., and Schraffenberger, E. : Con- 

genital Malformations Induced in Rats by Sfatemal 
. Nutritional Deficiency, J. Nutrition 27:477 (June) 1944. 


various additions to the diet, trjdng to prevent 
deformities. The}' found first that 2 per cent 
pig liver would prevent deformities. A search 
was made for the preventive factor in pig liver. 
-After studv'ing hundreds of litters of rats, the}- 
give the following conclusions : 

The congenital malformations of the pattern of 
diet I are prevented when the maternal diet I 
is supplemented by riboflavin. Supplements of 
thiamine hydrochloride, nicotinic acid, pyridoxine 
and calcium pantothenate are not preventive. 
With a purified maternal ^iet in which the vita- 
min B complex is represented by cr}-stalline sub- 
stances, malformations of the pattern of diet I 
appear in the offspring when riboflavin is 
omitted. On the same diet supplemented by 
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sufficient riboflavin, no deformed offspring are 
obse^ed. _ It is concluded that a deficiency of 
riboflavin in the maternal diet is responsible for 
the congenital malformations of the pattern of 
diet I. 


Tlie late Beveridge H. Moore gave further 
insight into congenital deformities by his study 
of peripheral nerve changes. He found that one 
or the other of the parents of a child showing 
the congenital malformation will frequently 
show definite stigmas of neurofibromatosis, even 
though the child himself does not. The pig- 
mentation may not be seen in the child, but it 
makes its appearance later. He found in 2 cases 
of amputation for hypertrophy that there were 
nodules along the peripheral nen'es. Some of 
the nodules showed changes typical of neuro- 
fibroma, while others showed a •variet)' of 
changes. He studied the nerve between the 
nodules, wliere it was supposed to be normal, 
and found many secondarj' changes, a fact which 
he thinks is extremely important. The basic 
change is an increase in the fibrous tissue of the 
endoneuriuni: He calls these changes fibrotic 
degeneration. It is believed that they are either 
an early stage in the formation of a neuro- 
fibromatous nodule or an indication of its pres- 
ence elsewhere in the nerve trunk. He studied 
all nerves available, those of spastic patients 
when the nerve was sectioned and those in super- 
numerarj' digits and in other deformities requir- 
ing amputation. He found that a surprisingly 
high proportion of this supposedly normal mate- 
rial showed changes corresponding to the sec- 
ondary pathologic changes which have been 
referred to as fibrotic degeneration. The strik- 
ing feature of the study was the high percentage 
of cases of pathologic changes in nen'es and ffieir 
relationship to the cutaneous pigmentation con- 
sidered tj-pical of pathologic changes of netwp. 

In a high percentage of congenital deformities 
varying degrees of pathologic changes in the 
peripheral nerr'es are show. This observation 
seems to favor the neurogenic theory of the 
origin of congenital deformities. 

Sections of peripheral nen'es from 78 cases 
of various congenital deformities were studied 
with r^rd to disease. Of the 78 cases, 70, or 
91 per cent, showed pathologic changes in the 

nen-es. 

fEn Note (L. D. B.).— Bevendge Moore, a 
fine gentleman, in his studies of peripheral ne^e 
lesioL made a major contribution to orthopedic 

surgery.] 


Two cases of multiple congenital defu....:- 
are reported by Hobbs.== These are used 
ffie basis for a discussion of the hereditary U: 
m multiple congenital deformities. The 
ture is reviewed. The e.xperiments . 
inheritable deformity in animals through inj- 
to the gonads by roentgen rays have given V 
to the supposition among students of 
that the clinical use of roentgen rays may 
responsible for congenital deformities c ^un. 
in human progeny. Such disorders cannot 
entirely charged to roentgen ray injmy, nor 
such injuiy' believed to be a principal etioh 
factor, since the deformities were commonly .c 
prior to the era of clinical radiolog}'. The p 
mary cause of clinical as well as experimental 
produced hereditary deformities can be rai"^ 
energy or another agent capable of prod :• 
sublethal changes in the primary germ cell. 

Swan and others report further obsen'aticM 
on congenital defects in infants following m''- 
tious diseases during pregnancy, with sppii 
reference to rubella. Recent work” reported prew 
ously showed that maternal rubella in the earl; 
months of pregnancy may be followed by a . 
genital defects (cataract, heart disease, dea 
mutism, microcephaly and glomerular sclerosis, 
in the infants bom subsequently. The possi 
bility that other infectious diseases in pregnane} 
may result in congenital abnormalities has b.. ■ 
considered. 

In the course of the present investigate’'. 

13 infants were examined; 11 were found U 
have congenital abnormalities. In 12 instance 
the mothers bad suffered from rubella during 
pregnancy; 10 of the infants born subsequent^ 
exhibited congenital defects. The abnormalities 
included cataract, deaf-mutism, heart disease, 
microcephaly and obliteration of the bile ducts. 
With three exceptions, all 10 mothers with con- 
genitally defective children had contracted rubella 
within the first three months of pregnane)'. 

[Ed. Note (L. D. B.).-— This assodation of 
congenital deformities with rubella during preg- 
nancy adds further to the interest in the uork o 
Cohn on the study of blood fractions, in that the 
gamma globulin has been shou'n to present 
rubeola. Additional studies are indicated to de- 
termine its effect on rubella.] _ 

A case of epipliysial dysgenesis associated with 
cretinism in a premature infant is reported by 

28. Hobbs, A. A.: Hereditary Factors in Mullirif 
Congenital Defonnities, Am, J. Kocntgcnol. 


SI:677 


^ r II” Tt VT ’ Peripheral Nerve Changes Assoa- 


^ 2riJS‘c.; Tosterin. A. L; Mayo, and 
G. H. B..- Further Observations on Congenita! 


n. D.. ruiuict - - PrA". 

Infants Following Infectious 

,r,- cineda! Reference to Rubella, M. }■ ‘ - 


Surg. 


26:282 (April) 1944. 


nanev, rritli Special Reference 
tralia 1:409 (May 6 ) 1944. 



PROGRESS 7.V ORTHOPEDIC SURGERY 


179 


.att, Zcldes and Goodfriend.^'’ They pointed 
it tliat in 1927 Fairbank described "stippled 
liphyses” associated with dwarfism, but he 
iled to recognize thyroid deficiency as the basis 
; the disturbance. Ten years later Reilly and 
mythe described 5 similar cases, designating the 
Jndition as “cretinoid epiphysial dysgenesis.” 
IcCullough and Sutherland in 1940 described 

- tippled epiphyses in a dwarf in whom there was 
-0 sign of In'pothyroidism and used the term 

- repipltysial dysplasia puncticularis” to designate 
. - he skeletal change. ■\\'ilkins, who found bilateral 

- opiplwsial dj'sgenesis in 23 of 25 children with 

- ii'pothjToidism, said that he had never seen true 
'iysgenesis in any type of dwarfism other than 

.^at occurring with hypothyroidism. 

: In roentgenograms epiphysial dysgenesis is 
diagnosed by tlie appearance of multiple small 
rregular islets of calcification, scattered over a 
considerable area. The islets are irregularly 
•spaced, and the anatomic distribution does not 
. conform to tliat of the normal centers of ossifi- 
. cation. As the islets grow larger or as new 
ones occur, tliey appear to coalesce and give the 
irnpression of a single large center which has 
‘idergone fragmentation. The defect' is appar- 
ently due to an abnormality of endochondral 
ossification. 

Roentgenologically, epiphysial dysgenesis may 
be confused with osteochondritis deformans. 
However, the latter usually occurs in epiphyses 
which previous!)' have appeared normal on 
roentgen examination. Furthermore, osteo- 
chondritis deformans (Legg-Calve Perthe’s dis- 
. ease, Osgood-Schlatter disease) is usually uni- 
, lateral, occurring most frequently in only one 
epiphysis. It is generally accompanied ivith 
pain and does not respond to thyroid therapy. 

[Ed. Note (L. D. B.). — Osteochondritis or 
osteochondrosis is frequently bilateral.] 

-'Achondroplasia fetalis may be confused with 
cretinism clinically, but the latter may be differ- 
, entiated by the unique deformities of the me- 
. taphyses and shafts of the long bones and the 
. grossly abnormal shapes of the epiphyses. 

Carl Badgley advances the theor)- that the 
, patlrogenesis of the multiple deformities occur- 
ring in arthrogr)’posis multiplex congenita may 
best be explained on the basis of arrest of 
embr)-onic development. A primar)' pathologic 
.change of the muscle, which has been proved 

^ > Zeldes, M., and Goodfriend, J. : 

. Epiphysial Dysgenesis Associated witli Cretinism in a 
/Premature Infant, Am. J. Dis. Child. 67:4S0 (June) 
1944. 

31. Badgley, C. E.: Reliabilitation in Cases of 
/"Arthrogrj'posis Multiplex Congenita, Arch. Phys. 
; Pherapy 24:733 (Dec.) 1943. 


inherent in lambs but which is of unknown 
origin in human beings, can well be the causative 
factor of this arrest. The normal rotation of 
the limb buds, an intrinsic characteristic of the 
human fetus, is carried out by the muscles of the 
extremity. The loss of muscle function arrests 
or prevents this rotation. The resultant club 
feet, club hands and postural deformities are the 
retained posture normal for the 3 month fetus 
but arrested from rotation into the characteristic 
human attitude. The rigidity of the joints is 
similarly the result of failure of muscle fimction, 
preventing normal fetal motion in otherwise nor- 
mally developing joints! 

Correction of the deformities by release opera- 
tions to reestablish mobility and to continue 
rotation of the extremities to the normal posture 
of mature human extremities is the aim of ther- 
apy. The muscular damage is of course irrep- 
arable, but pronounced improvement in function 
" can be obtained. Early treatment, with early 
operative correction of the deformities if neces- 
sary, is advised. 

[Ed. Note (L. D. B.). — Attempts at cor- 
recting arthrogryposis deformities are sometimes 
most discouraging.] 

Lyons and Sa^\•)•er report a case of cleido- 
cranial dysostosis in a veteran of World War I. 
They say that cleidocranial dysostosis is a com- 
paratively rare congenital defect of the bony 
skeleton. Less than 100 cases have been reported 
in the literature. It is a s)Tidrome in which the 
chief characteristic observation is a complete or 
partial absence of one or both clavicles. As so 
often happens, when one congenital defect is 
found in the body, another may also be found. 
In this condition one of the more constant defects 
accompamdng that of'the claricles is a variation 
in the development of the bones of the skull. 
Barlow in 1883 reported a case of congenital 
absence of the clavicles and malformation of the 
cranium in a girl aged 2 years, probably the 
first t)-pical case described. In 1897 Marie and 
Sainton reported 4 cases and applied the term 
"hereditar)- cleidocranial dysostosis” to the 
anomaly s)'ndrome. Fitchet in 1929 made a 
complete surr-ey of all reported cases in the 
literature. He stated that the chief features of 
this syndrome are grouped under four headings 
as follows: aplasia, more or less pronounced, of 
tlie daricles; exaggerated development of the 
transverse diameter of the cranium ; delay in the 
ossification of tire fontanels, and hereditary trans- 
mission. Fitchet expressed the belief that the 
term “hereditaiy cleidocranial dysostosis” should 
be discontinued and “congenital cleidal dysos- 

32. Lyons, C G., and Sawyer, J. G.: Qeidocranial 
Dysostosis, Am. J. RoentgenoL .51:215 (Feb.) 1944. 
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tosis” subjituted, since the condition may be function of the elbows. Senturiaandcoltees' 

Ihe clavicular deformity may vai^' from de- modification, in se%-eral generations of the." ' 
fects at the acromial end to complete absence of family, while in others one or more of fe 
one or botli clavicles. The latter is unusual, cardinal features have been absent or alterei 
however. Most frequently it is the middle por- The deformities are purely inherited or co; 
tion of the clavicle that is involved. genital and are apparentlv due to some devffc 


The defects of the skull may consist in 
brachycephalic changes, prominence of the 
frontal and parietal bosses or delay in closure 
of sutures and fontanels. 

Most of the patients are described as being of 
small stature. ' Anomalies of dentition are com- 
mon, consisting in delay in the appearance of 
permanent teeth, incompleteness or irregularify 
of the second set of teeth and a proneness to 
caries, missing teeth or supernumerary teeth. A 
high palatal arch is also rather frequent. Defects 
in the bones of the hands and feet, including, angu/ation (kyphosis) of the tihia and con- 

- -- . ‘.-I _ _ .t • r .« ,•« » 


apparently due to some develco 
mental defect in the ectodermal and mesodenm 
layers of the embryo. The triad is transmittei 
as a hereditary dominant character and is n? 
sex linked. A case is described in which there 
was the t 3 'pical clinical and roentgenoto|i; 
appearance, and in the patient’s family tree: 
total of 30 persons in four generations have bee 
similarly affected. 

The clinical and roentgenologic appearance e 
two congenital deformities of the leg are'd*- 
scribed by Williams.^® These are congeniri 


genital pseudarthrosis of the tibia (and fibula}- 
He says that the two deformities bear a super- 
ficial resemblance in that typically there is a 
forward angulation or bowing in the lower half 
of the tibia. The treatment of both condition? 
is difficult", and the functional outlook is poon 
There is probably little direct etiologic assoda- 
tion of the two conditions, though the risk ci 
development of pseudarthrosis in the deliberate 
corrective treatment of congenital angvlation is 
considerable. It would appear_ likely that in 
congenita] pseudarthrosis the primar} deiec p 
one of local failure of osteogenesis, n con 


shortening of the toes, have also been reported. 

Salmon reports another case of hereditary 
cleidocranial dysostosis in a soldier. In this 
case the characteristic features were partial 
aplasia of the clavicles, abnormal mobility of the 
shoulders, failure of the fontanels to close and 
defective union of the crania! sutures. The 
patient's father and sister showed evidences of 
the disease. 

A case of Naegele pelvis associated with rudi- 
mentary femur is reported by Wahrsinger.®* 

The patient had a congenital absence of the 
upper part of the right femur. A knee joint was ggnitel^nmllariorthe primary defect may well be 
present, but there was a very rudimentary lower j^uscular, secondarily affecting the architKture 
part of the femur. An operation was performed q£ . however, the functional association 

in which tire side of the ilium was turned dovvn pj^er congenital defects (e. g., absence of the 
and the rudimentary femur was brought up j^bula and dislocation of the hip) suggests a basic 
against it in order to permit weight bearing of mesenchymal defect which causes both a limi- 

the femur against the side of the ilium. The tation of muscular growth and a failure o rans- 

foot was at the level of the knee, and the patient j^jona] differentiation to fibrocartilage, « 
walked with an artifidal limb. The pelvis showed and true bone. Congenital absence of ^ 
a great deal of asymmetry. The measurements jjony structure should not be 
and the roentgenograms suggested that it would roentgenographic e.xaminat!on, since 
hardly be possible for a normal delivery to occur, ^^ay well be formed in cartilage thoug s 
However, after a total labor of twenty-three 
hours, the patient was delivered spontaneously 
of a living 6 pound 14 ounce (3,120 Gm.) girl. 

Since the last part of the nineteenth century, 
there have appeared in the literature isolated 
reports dealing with the association of malforma- 
tions of the nails, hypoplasia or complete absence 
of the patelias and deformities with impaired 

33. Salmon, D. D.; Hereditao' aeidocranial Dysos- 
tosis, Radiology 42:391 (April) 1944 . _ 

34. Wahrsinger, P. B.: Naegele Pelds Associated 
with Rudimentary Femur, Am. J. Obst & G>ijec. 7. 

427 (March) 1944. 


-Beveridge H. Moore 


ossification 

[Ed. D Hoaation betiveen neuro- 

has shown a dennite ^^md-ition ar.'. 

fibromatosis and congeni a pj^c^rv-atior.? 
pseudarthrosis of the tibia, 
have been confirmed by many investigators,^ 

35. Senfuria, H. 

sence of the ® ,t,., of the Kaib. ■' 

of the Elbows and f 

Roentgenol. 51:332 (M^ch) ' . j pjo-milfes 

36. Williams, E. R: 

the Tibia: Consentlzl ‘ 3 

arthrosis, Brit J. Badwl 16:3.1 (Dec.) 
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kll and Grice, from Boston, describe 
'ther modification of the Denis Browne splint 
the treatment of congenital club feet. They 
’e a splint which is narrower in the heel and 
the foot better and is also arched to prevent 
ker bottom. They have made an improve- 
nt in the method of strapping the foot to the 
■te. They give the following summar)- : 

During the treatment of 53 patients with 
complicated congenital talipes equinovarus 
th the modified Denis Browne splint, several 
iinements in technic have been evolved to meet 
rious problems, such as pressure sores, derma- 
is, incomplete correction, persistent equinus 
formity, loss of longitudinal arch and unilateral 
•-fomiity. These refinements are described, 
access of this method depends on the accuracy 
ith which the foot is fixed to the splint. If 
.'operly applied, the splints will allow correction 

37. Bell, J. F., and Grice, D. S.: Treatment of Con- 
aiital Talipes Equinovarus with the ^.lodificd Denis 
rowne Splint, J. Bone S: Joint Surg. 26:799 (Oct.) 
>44. 


of the varus deformiU' and yet will maintain the 
longitudinal arch while obtaining full correction 
of the equinus deformitj*. Recurrence of the 
deformitj' is a constant threat, but this tendenc}' 
is minimized by complete correction early and 
tiien by continued use of the splint intermittently, 
at least until the child begins to walk. 

[Ed. Note (J. H. K.). — For the last two 
years I have commented at length on my experi- 
ences with the Denis Browne splint. Briefly, I 
have obtained better results with plaster. I have 
tried the method of strapping mentioned by the 
author and feel that it is an improvement. 
Denis Browne says that he has made more than 
fifty modifications of the splint. Still more may 
be expected.] 

[Ed. Note (L. D. B.). — I have seen Grice 
apply the modified splint and have seen several 
of the patients. The splint and the method of 
applying the adhesive are great improvements in 
the Denis Browne technic, and any one using 
splint therapy should adopt these modifications.] 


III. TUMORS OF BOXE AND OF SyNO\TAL MEMBRANE 
PREP.'VRED BV HEXRV W. MEYERDIXG, M.D., ROCHESTER, MIXX. 


A. Classificatiou of Tumors of Boitc. — Brach- 
tto-Brian presents a classification adopted by 
he “Comite para el Estudio de los Tumores 
Dseos’’ of the Associacion Argentina de Cirugia. 


He discusses various phases and believes that the 
classification should be based on the type of tissue 
affected, since different cells would originate dif- 
ferent neoplasms. The classification is as follows : 



Genetic Cells 

^’eopIasms Originated 


Names of Tumors 

A, Tumors of the skeletal 
sector 

Osteoblast 

I. Osteoblastoma 

Benign 

Malignant 

Osteoma 

Osteosarcoma; osteogenic 

Chondroblast 

II. Chondroblastoma 

Benign 

Malignant 

sarcoma 

Chondroma 

Chondrosarcoma 



Mycloplas 

III. Myeloplaxoma 

Benign 

Malignant 

Giant cell tumor 

‘ Che rcticolo- 
endothelial sector 

Mesoblast 

Histiocyte 

Beiiculoblast 

IT. Beticuloblastoma 

Benign 

Malignant 

Eeticulosarcoma 

Ewing's sarcoma 

C. Timors of the hemato- 

Angioblast 

Mesoblast 

T. Myeloblastoma 


Kahler’s disease; myeloma 

poietic sector 

Hemoblstioblast 




D. Tumors of the vasculo- 

Hemocytoblast 

Mesoblast 

Plbroma and so forth 

Benign 


connective sector 

ribroblast 

Angioblast 

Til. Osteosarcoma 

Mahgnant 



In the following tabulation these seven 


groups of neoplasms are represented with their varieties : 


01 the skeletal 




B. Tumors of tbe reticulo* 
j^dothtUal sector 


I. Osteoblastoma 

Benign 


Malignant 

H. Chondroblastoma 

Benign 


Malignant 

TTT Mreloplaxoma 


IT. Beticuloblastoma 

Benign 


Malignant 


1. Benign osteoblastoma of tbe substantia spongiosa 

2. Benign sclerosing osteoblastoma 

3. Benign cbondro-ostcoblastoma 

1 . Malignant osteogenic osteoblastoma 

2. Malignant osteogenic osteoblastoma with myeloplaxes 

3. Secondary malignant osteogenic osteoblastoma 

4. Jintaconjugal malignant osteogenic osteoblastoma 

5. Telangiectatic malignant osteogenic osteoblastoma 

1. Chondroblastoma 

2. Cbondromyxoblastoma 

1. Malignant chondroblastoma 

1. Benign myeloplaxoma 

2. Malignant myeloplaxoma 

1. Localized retlculoendothelioma 

1. Undifferentiated reticclosarcoma 

2. IKfferentiated retlculosarcoma 


38. Brachetto-Brian, D. : La clasificacion adoptada abstracted. Arch, cubanos cancerol. 3:19-26 (Jan.- 
n el “comite para el estudio de los tumores oseos.” March) 1944. 

Vensa mcd. argent 28:2185-2190 (Nov. 19) 1941; 
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sj’iiiptonis, as well as partial recalcification of 
some of the defects of bone. 

Henschen reports a case of eosinophilic 
granuloma, in which excision of the lesion from 
. the left mandible of a man 24 years of age was 
done, followed by recurrence and second opera- 
' tion. He feels that every- destnictive lesion of 
hone in adolescents should be suspected of being 
eosinophilic granuloma. 

Cavalcanti^® reviews the literature on post- 
traumatic epidermoid cysts and presents a case 
in which there was involvement of a phalanx 
of the right middle finger. The lesion was ex- 
cised and found to be a typical epidermoid cyst 
on examination. 

Pohlmann and Wachstein mention tliat epi- 
dermoid (squamous epithelial) bone cyst of the 
phalanges, a rare tumor of bone, has been re- 
• ported as proved in only 10 cases. Thej^ present 
a review of the 10 cases in tire literature and an 
. additional case of their own and advocate removal 
of the cyst and cauterization of the cavity, mea- 
sures which presen-e the finger and prevent 
possible recurrence of the lesion. 

C. Lesions of Synovial Membrane. — Moretz 
reports 4 cases of malignant tumors arising from 
synovial membrane. He mentions that this t)-pe 
of lesion is classified according to the micro- 
scopic picture. Some lesions apparently arise 
from the outer layers of the synovial tissue and 
are indistinguishable from fibrosarcoma, and the 
others arise from the inner layers, thus present- 
ing a more epithelioid type. Both types of tumor 
cells ma}' be present in the same lesion. The 
prognosis in any case is unfavorable. Amputation 
is recommended except in those cases in which 
conditions are favorable for a wide local excision 
of tlie lesion or in those in which there is local 
recurrence. 

. D. Benign Neoplasms of Bone. — Osteoid oste- 
■ oma : Stauffer presents a case of osteoid oste- 
oma, in which the lesion was excised from the 
head of the radius, with complete relief of sjanp- 
toms. The previous pathologic report had been 
“healing benign giant cell tumor.” 

47. Henschen, C. : Das eosinophile Granulom des 
' Knochens, Schweiz, med. Wchnschr. 73:451-455 (.April 

10) 1943. 

48. Cavalcanti, J. : Cisto epidermoide post-traumatico 
de dedo, .Arq. brasil. de cir. e ortop. 11:36-41, 1943. 

,• ,49. Pohlmann, H. F., and Wachstein, Al. : Epider- 

moid (Squamous Epithelial) Bone Cvst of Phalanx, 
■' Ann. Sure. 119:148-154 (Jam) 1944. 
j 50. Moretz, W. H. : Malignant Tumors -Arising from 
the Synovial Membrane with Report of Four Cases, 
, Surg., G\-nec. & Obst. 79:125-132 (.Aug.)_ 1944. 

51. Stauffer, H. M.: Osteoid-Osteoma' of the Head 
'/■ of the Radius: Case Report, Am. J. Roentgenol. 52 : 
;■ 200-202 (.Aug.) 1944. 


Harmon presents a case of osteoid osteoma. 
The patient was a girl 9 years of age, and the 
lesion was located in the midportion of the 
femoral shaft. All laboratory tests gave normal 
results. At operation a soft gritty material was 
found in the cavity. Cultures revealed no growth. 
The microscopic examination revealed osteoid 
tissue between hypertrophic trabeculae with 
fibrous reaction and no inflammatory- cells. 

Kleinberg reports 3 cases of osteoid osteoma, 
one lesion being located in the upper end of the 
fibula, one involving the lamina of the second 
lumbar vertebra and one in the neck of the 
astragalus. He states that the patients had com- 
plete relief of all symptoms following exdsion 
of the lesion. 

Lewis presents 11 cases of osteoid osteoma, 
in 9 of which the condition was proved and in 2 
probably proved. The lesions conformed to the 
clinical and roentgenologic criteria of Jaffe and 
Lichtenstein. He advocates simple block removal 
of the nidus or focus of infection and feels that 
failure to remove all of this may cause persistence 
of the symptoms. 

[Ed. Note. — Such case reports as the fore- 
going are of increasing value and interest to 
physicians. Jaffe and Lichtenstein have incited 
a great deal of interest among surgeons, espedally 
ortliopedic surgeons, through thdr studies of 
this condition. .An increasing number of case re- 
ports are evident in the literature. In the past 
the lesion was considered a focus of infection de- 
scribed as nonsuppurative osteomyelitis of Garre, 
Brodie’s abscess or localized subcortical abscess 
of bone. There still exists among surgeons and 
pathologists a difference of opinion regarding 
the lesion.] 

Periosteal Fibroma : Sgrosso presents a case 
in which the patient was an 11 j-ear old boy and 
the huge lesion involved the humerus. Operation 
had been performed unsuccessfully three months 
prior to the patient’s admission to the hospital. 
The huge fibroma was removed with good re- 
sults, a rare condition. 

Periosteal Lipoma : Cottini presents a case of 
periosteal lipoma of the radius, the patient being 

52. Harmon, P. H. : Osteoid Osteoma of Mid-Shaft 
Region of Femur, .Am. J. Surg. 65:128-131 (Oct.) 1944. 

53. Kleinberg, S. : Osteoid Osteoma, Am. J. Surg. 
66:396-401 (Dec.) 1944. 

54. Lewis, R. W. : Osteoid-Osteoma : A Review of 
Portions of the Literature and Presentation of Cases, 
-Am. J. Roentgenol. 52:70-79 (July) 1944. 

55. Sgrosso, J. .A.: Fibroma periostico del humero. 
Rev. ortop. y traumatol. 13:198-204 (April) 1944. 

56. Cottini, C. F. : Consideradones sobre un caso de 
lipoma periostico de radio, Bol. y trab., Soc. argent, 
de drujanos 4:700-707, 1943; abstracted. Rev. .Asoc. 
med. argent. 57:995-997 (Xov. 30) 1943. 
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which the pathologic report was osteosarcoma. - 
Subsequent to this, fracture* of the third meta- 
tarsal bone with callus formation developed. Ex- 
cision was again requested, and the lesion proved 
to be benign march fracture with callus fonna- 
tion. Still later tlie patient had fractures of the 
first and fourtli metatarsal bones, which were e\d- 
dent on roentgenographic examination. At the 
time the paper was written, he was living and ' 
working in a lumber mill fourteen 3 *ears follow- 
ing operation on the second metatarsal bone. The 
specimen and tlie tissues were reexamined b}* Dr. 
Broders and showed unquestionablj* that the 
original lesion of the second metatarsal bone was 
osteosarcoma and tliat the lesion of the third 
metatarsal bone was march fracture. 

Gershon-Cohen and Doran review the litera- 
ture of fatigue-stress fractures and emphasize 
tlie necessity for ruling out s}'stemic disease and 
local patliologic changes. The}* support the 
hi-pothesis of fatigue-stress and present 4 cases. 
The)' state that the fracture lines are thin and 
the callus formation is diagnostic, although they 
believe that tlie lesion could be taken for osteo- 
genic sarcoma in the latter stages of the condition. 

[Ed. Note. — I^Iy case reported at the begin- 
ning of this section illustrates the confusion which 
could arise by depending on roentgen interpreta- 
’■ tion alone.] 

Friedman reports a case of osteol)*tic osteo- 
genic sarcoma of the os pubis, wliich is an ex- 
tremely rare location. His patient was a woman 
42 years of age. Roentgenographic examination 
revealed destruction of the right horizontal ramus 
of the pubic bone. The serum alkaline phospha- 
tase was elevated to 18 units; the calcium and 
phosphorus levels were normal. A biopsy was 
done, and tlie pathologist’s diagnosis was osteo- 
lytic osteogenic tumor of bone. Roentgen therapy 
was given for thirt)'-one montlis, with no essen- 
tial change in the roentgenograms. The patient 
‘ died of metastasis three and a half years later. 

■ .[Ed. Note. — The vety rare location of the 

:• lesion in this case, in which a tliorough study of 
the microscopic and roentgenologic findings was 
made and the end result was obtained, makes 
reports of this t)'pe of value. IMy statistical 
. ' studies of tumors of bone have been based on 
facts obtained from proved microscopic changes, 
histopathologic determination of the grade of 
’■ malignancy and subsequent follow-up of cases. 

Gershon-Cohen, J., and Doran, R. E. : Fatigue- 
■ ■ Stress Fractures; Diverse Anatomic Location and Sirai- 
' ^laiignant Lesions, U. S. Nav. M. Bull. 43: 

; , 6/4-6S4 (Oct.) 1944. 

Eriedman, S. T. : Osteogenic Osteolvtic Sarcoma 

. of the Os Pubis, Am. J. Surg. 64:248-253 (Jlay) 1944. 


Statistical reports without a report of the micro- 
scopic studies are not based on sufficient evidence 
of proof of malignancy and therefore are of less 
value in determining the benefits of treatment and 
prognosis than those based on microscopic 
studies.] 

McNattin,‘° stimulated by the lack of satisfac- 
tory opinions concerning any one method of 
treatment of osteogenic sarcoma, reports a small 
series of cases in which the patients were treated 
by roentgen rays for from sixty to one hundred 
and forty treatments. The treatments were given 
over multiple portals, and amputation was done 
when the first signs of irradiation necrosis ap- 
peared. He believes that this form of therapy 
gives the best prognosis and that delay of ampu- 
tation does not increase the likelihood of distant 
metastasis. He believes that if serial roentgeno- 
grams show some recession of the lesion, indi- 
cating radiosensitivity in this type of sarcoma, the 
total amount of irradiation may be decreased and 
amputation may be avoided. 

[Ed. Note. — Treatment by means of roentgen 
rays given preoperatively followed by amputation 
(Ferguson) delays removal of a malignant lesion. 
Such a delay is contrary to the common belief 
that early eradication is the method of choice. 
Unless there is microscopic proof of the grade of 
malignancy, I hardly feel that the results of 
treatment of osteogenic sarcoma by roentgen 
therapy alone are acceptable.] 

Osteochondrosarcoma : Haggart, Hare and 
Marks present a case in which osteochondro- 
sarcoma arose from the rami of the pubis and 
ischiiun. The surgical removal of the tmnor was 
made difficult by its location, since it was ad- 
jacent to and compressing the rectum. 

Kemper and Bloom present a case of osteo- 
chondrosarcoma. The patient was a girl, 13 
years of age. Biopsy revealed a spindle cell osteo- 
chondrosarcoma of the right tibia without metas- 
tasis, and amputation through the lower part of 
the thigh was done. Two years subsequent!)* 
there was an osteochondrosarcoma of the femur. 
At this time a midthigh amputation was done. 
Then about five months later a maxillary tumor, 
a mass in the upper right quadrant of the ab- 
domen and recurrence of the osteochondrosar- 

66. LIcNattin, R. F.; Treatment of Osteosenic Sar- 
coma with Preoperative Roentgen Radiation in Large 
Doses, Radiologv- 42:246-248 (March) 1944. 

67. Haggart, G, F.; Hare, H. F,, and ifarks, J. H. : 
Clinico-Pathological Conference [Osteochondrosarcoma], 
Radiology 43:378-382 (Oct.) 1944. 

68. Kemper, J. W., and Bloom, H. J.: Metastatic 
Osteochondroma of Maxilla from Primary Tumor of 
Tibia: Report of Case, Am. J. Orthodontics (Oral Surg. 
Sect.) 30:704-708 (Nov.) 1944. 
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coma in the {eniur were found. A biopsy of tJie . ing the reticuloendothelial system. The leq*. 


mass of the maxillary region was done, and the 
same pathologic tissue was found, that is, osteo- 
chondrosarcoma. This was excised twice by 
cautery as a palliative measure. Postmortem ex- 
amination three years or more following the first 
operation revealed retroperitoneal and sternal 
metastatic growths but none in the lung. 

H. Metastatic Tumors. — Fibrosarcoma: Car- 
roll and Martin report on a series of 40 cases 
of fibrosarcoma of the extremities seen over a 
period of thirty years and believe that in those 
of longer duration (an average of ten and a half 
years) before treatment is started there is better 
progress than those of short duration. There 
was a histor}' of trauma in 2 cases. The authors 
found that local recurrence is characteristic of 
this lesion unless wide excision or amputation is 
performed and also that metastasis to regional 
ymph nodes occurred in 1 out of ever}- 8 cases, 
n view of this, they believe that excision of the 
regional nodes should be routine. They feel that 
irradiation of these tumors has been ineffective 
in their experience. 

[Ed. Note. — The apparent good results in 
slow-growing and long-standing tumors of this 
class are directly dependent on the low grade of 
malignanc)'.] 

Friedman presents 2 cases and believes that 
local resection of a connective tissue type of 
fibrosarcoma is commonly followed by a recur- 
rence. Postoperative roentgen therap}'. e\-en in 
large doses, will prevent only a small part of 
recurrences. He believes that the postoperative 
interstitial insertion of radium is the most effec- 
tive method of destroying tumor cells which may 
remain in the region of the operation. 

Olin reports a case of fibrosarcoma with 
destruction of the glenoid cavity and apparent in- 
volvement of the head of the humerus. A shoul- rvcs m 

der girdle amputation was performed, and the slightly^higher 
pathologic examination showed fibrosarcoma. 

Metastasis to bone and lungs developed subse- 
quently and resulted in death in a few weeks. 

Steiner presents an interesting and complete 
study of an unusual case of widespread multiple 
fibrosarcoma of bone with visceral lesions involv- 


. Jions 

arose almost simultaneously throughout the bodv 
in the course of a few months. A thorough post- 
mortem study was made j'ct no one lesion was 
deemed primaiy. 

Rhabdomyosarcoma: Garber” discusses the 
rarity of rhabdomyosarcoma and presents a veri- 
fied case in which the lesion occurred in a man 
of 68 }’ears. During a course of sLx months, pain 
and a progressively enlarging tumor appeared in 
the left shoulder. The roentgenograms revealed a 
destructive lesion involving the upper part of 
the humerus, with characteristics of osteogenic 
sarcoma. After a course of roentgen therapy, 
no regression of the lesion occurred and surgical 
exploration was performed. The patient was , 
apparently well after six months, ' 

Carcinoma : Colonna ” emphasizes that pain 
appears early in carcinoma of bone and should 
not be ignored. He insists on a complete histor}-, 
a thorough ph 3 'sical examination and laborator}' 
and roentgenographic studies for determination 
of the diagnosis but feels that even then micro- 
scopic study and passage of time may alter an 
originally correct diagnosis. He furtlicr feels 
that the public should be educated to recogn'uc 
signs, symptoms and prognosis of carcinoma o\ 
bone. 

(Ed. Note. — R oentgenographic examination 
of painful areas will often permit early recogni- 
tion of tumors and lead to a true diagnosis and 
treatment of a malignant lesion of bone. The 
grade of malignancy, as determined by the micro- 
scopic study of the tissue removed, then become? 
an important factor in deciding the type of treat 

ment and the prognosis.] 

Paletta and Lehman” review 267 cases ot 
carcinoma of the breast and make a comparative 
study of those in ivhicli there is meta.stasis to 
bone and wscera. They conclude that there ,5_a 


which there is metastasis to bone 
in which there is metastasis to viscera. 

Berlin ” presents 3 cases in which mclast.itic 
lesions of bone were the first symptoms noticed 

R L.: RhaWomyojarcoma of the Ex- 
/J. barber, w- injj 


69. Carroll. G. A., and Martin, T. M.: Fibrosarc^ 
cf the Extremities. S. Clin. North America 24.1^ 
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Toint Dis. 4:66-69 (Oct.) 1943. . 
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and wiiicli later proved to be instances of primary 
carcinoma of the gastrointestinal tract. 

[Ed. Note. — We have had similar c.xperience 
in a number of cases. The pathologist usually is 
able to suggest the probable primary’ location of 
the lesion.] 

/. Treatment.— Vhemister '■ discusses un- 
united fractures and defects of bone and feels 
that they may be satisfactorily repaired by trans- 
plantation of bone. In those instances in which an 
excision of bone was performed to eradicate a 
tumor (giant cell sarcoma, large benign tumors 
of bone, chondrosarcoma and so forth), the defect 
in the long bones was satisfactorily bridged by 
transplantation of bone. 

[Ed. Note. — I believe that low grade malig- 
nant lesions of bone, if recognized before they 
reach too great a size, and some benign lesions 
of bone and cysts of bone may be treated by ex- 
cision and massive bone grafts wth good results.] 

Hormone and Castration Therapy in Carcino- 
ma of Prostate and Breast : Middleton reports 
a case of pathologic fracture with delaj-ed union 
in the subtrochanteric region, of the femur which 
healed after bilateral orchectomy. The patient 
died twenty months subsequently, apparently 
from cerebral vascular accident. 

Watkinson, Delor}-, King and Haddow pre- 
sent 10 cases of carcinoma of the prostate, in 5 of 
which there was roentgenographic evidence of 
metastasis to bone. Improvement was noted in 
9 cases following therapy with diethylstilbestrol. 

Rit \’0 and Peterson present cases in which 
the patients had metastasis of bone from carci- 
noma of the breast and in which regression, noted 
roentgenographicall)’, was evident after ovarian 
sterilization. They believe that the regression 
results from the withdrawal of ovarian hormone. 
About a third or more of their patients had pro- 
nounced relief from pain and general physical im- 
provement, with regression of the lesions of bone 
noticeable on roentgenographic examination. 

[Ed. Note. — T he report of these 3 pap>ers fur- 
ther illustrates the clinical benefits obtained when 

77. Phemister, D. B.: The Repair of Bone Defects 
and Ununited Fractures by Bone Transplantation, Proc. 
Interst. Postgrad. M. A. North America (1942), 1943, 
pp^ 105-108. 

78. Middleton, A. W. : Union of Pathologic Fracture 
of Femur Following Castrations for Carcinoma of Pros- 
tate, Am. J. Surg. 64:144-146 (.\pril) 1944. 

79. Watkinson, J. M.; Delorj-, G. E. ; King, E. J., 
and Haddow, Plasma Acid Phosphatase in Carci- 
noma of the Prostate and the Effect of Treatment with 
Stilboestrol, Brit. M. J. 2:492-493 (Oct. 14) 1944. 

80. Ritvo, M.. and Peterson, O. S., Jr.: Regression 
of Bone Metastases from Breast Cancer After Ovarian 
Sterilization, .*\m. 1. Roentgenol. 51:220-229 (Feb.) 
1944. 


jtatients with metastasis are treated by castra- 
tion and administration of estrogens (diethyl- 
stilbestrol).] 

J. Experimental Studies oj Primary and Sec- 
ondary Tumors oj Bone. — Barrett. Dalton. Ed- 
wards and Greenstein report on the historr'. 
c\'toIogic and pathologic characteristics and phos- 
phatase activity of a spontaneous, transplantable 
osteogenic sarcoma carried through -eighteen 
generations of mice (at the time of writing). 
Early generations of subcutaneous transplants 
and pulmonarj' metastasis 'were osteogenic, with 
malignant osteoblasts, osteoid tissue and true 
bone. In later generations the character changed 
to a more rapidly growing anaplastic tumor which 
more closely resembled fibrosarcoma, and the 
capacity of the tumor to cause high alkaline phos- 
phatase activity and to form osteoid tissue was. 
lost or inhibited. 

Dunlap, Aub, Evans and Harris review some 
of tlie clinical and experimental work on ingestion 
and implantation of radium and radon in the pro- 
duction of osteogenic sarcoma. Thirteen male 
rats of the Wistar strain were given radium 
chloride for twenty days. Eight months subse- 
quently, some objective signs of osteogenic sar- 
coma began to appear, and eventually osteogenic 
sarcoma developed in 9 of the 13 rats, with 
metastasis in 2. All tumor transplants except one 
failed because rats not of the M’istar strain were 
used. One transplant grew and since then has 
been successfully carried in about 50 per cent of 
attempts through seven serial generations in 
“Wistar” rats. The transplants have retained 
their original histologic characteristics and ability 
to form bone. 

Abels and others report that because heptyl- 
aldehv'de bisulfite appeared toxic to human mam- 
maiy- carcinoma in vitro and produced lique- 
faction necrosis of spontaneous mammarv' car- 
cinoma in mice tliey administered it to 14 women 
who had mammary carcinoma with metastasis to 
bone; it had no effect of any kind. The}- con- 
•clude tliat its in vitro effect is due to bisulfite 
which in vivo was hydrolyzed too rapidly to show 
any effect. 

81. Barrett, M. K. ; Dalton, A. J.; Edwards, J. E., 
and Greenstein, J. P. : Transplantable Osteogenic Sar- 
coma Originating in GH ^^ouse, J. Nat. Cancer Inst. 
4:389-402 (Feb.) 1944. 

82. Dunlap, C. E. ; Aub, J. C. ; Evans, R. D., and 
Harris, R. S.: Transplantable Osteogenic Sarcomas 
Induced in Rats bv Feeding Radium, .Am. J. Path. 20: 
1-21 (Jan.) 1944. ' 

83. Abels, J. C. ; Treves, N. ; Herrmann, J. ; Singher, 

H. O. ; Kensler, C. J., and Rhoads, C. P. : The Admin- 
istration of Heptylaldehyde Bisulfite to Patients with 
Inoperable Mammar 3 - Carcinoma Metastatic to Bone 
Cancer Research 4:438-443 (July) 1944. 
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interesting study of the effects of "taiernal irradiation.” Possibly, larger amonnts 

metastatic portions of carcinoma of the thyroid. effective in the well differentiated tis- 

Radioactive iodine was administered on the as- ^ 

sumption that the tumor cells wou d ta e up _Such investigations as were car- 

iodine selectively. The poshnorten. rjrts „„ Aese experimental 

showed that only one metastasis had consistent y commendable, as it is through such 
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Studied' with Radioactive Iodine, Ann. Surg. • p£ jnetastasis.] 

689 (May) 1944. 
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tresses mid strains. In coxa valqa. tlic internai 
rcliitocture nndergoes a devolntionary clian^c as 
result of inodilication of the external form and 
5 similar to that of the almost straight reptilian 
cnuir. In osteoarthritis, a new compact articular 
urface is formed sniierficial to the original one 
nd supjKirted hy new trahecnlated elements 
vhich continue the radiating lines of the original 
rahccular pattern. A devolutionary process, 
loth in the extemal architecture and consequently 
n the internal architecture, takes place in the 
■tumps of the amputated femurs after loss of the 
nil normal function of weight hearing. In 2 
■pecimens examined after amputation.. there was 
in increase in the neck angle, a decrease in the 
ength of the neck and displacement of the head 
)f the femur laterally, backward and downward. 
The backward displacement represented a retor- 
sion of the head on the neck and exposed the 
medial part of the anterior surface of the neck to 
pressure of the iliofemoral ligament and the an- 
terior margin of the acetabulum, tlius producing 
an extension of tbe articular surface of the head 
in this region. 

Kleinberg reports a case of aseptic necrosis 
of the femoral head following a dislocation which 
he believes was not associated with a tear of the 
round ligament. Exploration of the hip showed a 
normal-appearing ligamentum teres, grossly and 
iriicroscopically. He believes that this case demon- 
strates that 'rupture of the ligamentum teres is 
not a constant occurrence in a traumatic disloca- 
tion. The author points out that in most cases in 
which the femoral head is deliberately dislocated 
from the acetabulum the round ligament is tom. 
but not infrequently the head can be removed 
from the acetabulum without rupturing the round 
ligament. 

Salmore °° measured the pelvifemoral angle in 
100 normal persons and found that the most 
accurate measurements could be made with the 
patient in the erect position. This angle was 
defined by Milch as the backsvard opening angle 
formed by the axis of the femoral shaft with 
Nelaton’s line; it is valuable in measuring the 
degree of hip flexion. It was found to be between 
50 and 52 degrees in normal adults and children 
and 58 degrees in the preambulatorj' infant. 

Wellmerling discusses the management of 
fractures of the femoral neck in relation to cer- 
tain anatomic considerations of the upper end of 

S9. Kleinberg, S.; .•\septic Necrosis of the Head of 
the Femur Following Dislocation of Hip, Arch. Surg. 
49:104-108 (Aug.) 1944. 

90. Salmore, W. : Pel\-iferaoral .\ngle, J. Bone &; 
Joint Surg. 26:392-393 (April) 1944. 

91. Wellmerling, H. W. : New Therapy of Hip- 
Nailing: Precision Technique for Intracapsular Frac- 
tures, Tndust. Med. 13:809-817 (Oct.) 1944. 


the femur. There arc two distinct systems of 
trabeculae arranged in curved jiaths, one begin- 
ning on the medial side of the upper femoral 
shaft and curving upward in a fanlike radiation to 
the opposite portion of the bone and the other 
originating in the lateral portion of the upper 
shaft, arching upward and medially. Tlie result 
of the dense converging trabeculae is a thickened 
anterior and medial cortc.x. Tlie fracture is re- 
duced by ovcrtraction in adduction and fixed in a 
coxa valga position, thereby interlocking the frag- 
ments and restoring the normal length. The au- 
thor relics on his senses and insertion of a guide 
wire and cannulated nail, controlled by two plane 
roentgenography, rather than directing devices. 
For fixation" he uses a 5 inch (12.7 cm.) cannu- 
lated, vitallium Smith-Peterson nail. The cortex 
is entered just posterior to the center of the lateral 
aspect of the shaft and 2 inches (5 cm.) distal to 
the distal prominence of the trochanter with a 
5/32 inch (0.4 cm.) drill. The nail is driven 
with a 20 degree forward inclination so that it lies 
in the anteromedial wall of the neck, where the 
converging trabeculae are the most supportive. 
If the nail enters the midportion or anterior to it. 
the nail will emerge through the anterior portion 
of the neck. [ Ed. Note. — In cases of oblique 
neck fractures with a spicule beneath the proxi- 
mal fragment, abduction is usually necessary' to 
accomplish reduction.] 

Siris and Ryan believe that the chances of 
surr’ival are better in cases of intracapsular frac- 
tures of the neck of the femur when reduction is 
done immediately. The use of Dvo machines has 
simplified the technic and makes draping easier. 
They do not permit the patients to turn on the 
uninjured side, because in a certain number of 
cases this has caused loosening of the nail. 

Miller and Bishop reported the case of a 76 
y'ear old patient with a fracture of the femoral 
neck, who died during manipulation of the hip 
while he was under cyclopropane anesthesia 
eighteen days following fracture. Autopsy' re- 
vealed a pulmonary embolism which came from 
the femoral vein. The authors suggest that early 
reduction might reduce the incidence of this com- 
plication. 

Weinberger describes a method for convert- 
ing fractures of the femoral neck into a valgus 

92. Siris, I. E., and Ryan, J. D. : Fractures of the 
Neck of the Femur: An .-Analysis of 157 Intracapsular 
and Extracapsular Fractures, Surg., G\"nec. & Obst. 
78:631-639 (June) 1944. 

93. Miller. S., and Bishop, H. F. : Fatal Pulmonary 
Embolism During Manipulation of Hip Under .Anes- 
thesia, Anesthesiolog}" 5:3CK>-302 (May) 19-44. 

94. Weinberger, M.: Alodification of Lines of Force 
in Treating Fractures of Neck. Rev. brasil. de ortop. 
c traumatol. 4:235-240 (SepC-Dec.) 1943. 
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duration of hospitalization was shortened. Since 
the authors adopted tlie use of a Steinmann pin 
tlirough the lower part of the femur and tlie incor- 
poration of the pin in the cast, as suggested b\' 
Key, the complications of pressure sores and foot 
drop have been eliminated. The cast is now ap- 
plied with the knee in 30 to 40 degrees flexion, 
with plaster loops on the anterolateral aspect, in- 
corporated at the knee and foot for traction. One 
to three days later the patient is placed in a wheel 
chair with a pillow beneath the cast, and the foot- 
board is turned up, so that the legs hang without 
support. Crutches may be used in three weeks. 
The cast is removed after an average of forty- 
three and four-tenths days and the patient dis- 
charged on crutches. Complications, such as 
pneumonia, decubitus ulcer, stiffness of knees and 
ankles and weakmess from l3dng in bed are re- 
duced. The reductions have been found to be as 
good as those obtained with other methods, and 
nonunion has not occurred. [Ed. Note (J- J. 

F.). This method is novel in the management of 

these fractures and demands careful consider- 
ation. Immobilization with plaster would be 
expected to cause more articular stiffness than the 
methods now employed.] 

Pascau, Ponce de Leon and Aymerich 
obtained bonj’^ union in 55 of 59 cases of trochan- 
teric 'fractures treated by traction with a Kirsch- 
ner wire through the supracondylar portion of 
tlie femur. Fifty-one of these patients recovered 
complete function. Only 2 had a coxa vara de- 
formity. [Ed. Note (J. J. F.). — ^The recover}- 
of function of the knee following traction in this 
age group is usually slow, and not uncommonly 
some permanent limitation of motion results. 
The incidence of coxa vara reported in this paper 
is unusually low, as compared with that in other 
reports.] 

Leadbetter describes an osteotomy high in 
tlie cendcal axis which is accomplished under full 
i-ision and avoids the ascending ramus of the 
femoral nutrient artery' as well as the cervical 
branches of the circumflex femoral artery. The 
apposition of abundant cancellous bone is estab- 
lished, with positive pressure beneath tlie capital 
portion of the bone in a true valgus position. The 
osteotomy is made through an anterior approach. 
The capsule is opened by a cruciate or a semi- 
lunar incision, and any comminuted or projecting 
fragments at the lower part of the head are 

100. Pascau, I. ; Ponce de Leon, A., and .Aymerich, 
E. : Nonsurgical Therapj- of Fractures of the Tro- 
clianteric Region, Cir. ortop. y traumatol., Habana 
11:19-29 (Jan.-June) 1943. 

101. Leadbetter, G. W. : Cer\ncal-.\xia] Osteotomy 
‘ of Femur: A Preliminarv Report, T. Bone & Joint 

Surg. 26:713-720 (Oct.) 1944. 


removed. The osteotomy is done in the long axis 
at the junction of its middle and upper thirds, 
and the neck is then displaced beneath the head 
to a point within the lower acetabular rim. Dur- 
ing the fourth week, the plaster is bivalved and 
massage and quadriceps-setting exercises begin; 
the plaster is removed in eight weeks. Eight pa- 
tients were operated on and observed for at least 
one year. Every patient had a functioning and 
weight-bearing hip, and solid union occurred in 
6, [Ed. Note (J.J. F.). — This operation seems 
promising. Its value will be more accurately de- 
termined when more cases are reported. The 
earty quadriceps exercises help to reduce the dis- 
ability caused by stiffness of the joint.] 

Schneider discusses nonunion of the femoral 
neck and the difficulties encountered with the 
various present day methods of treatment. He 
has not found the Blount blade plate fixation 
for osteotomy, performed for nonunion, to be the 
entire answer, as in some cases the plate will 
pull out anteriorly as the extremity goes into 
external rotation or the screws loosen from the 
atrophic bone. The Smith-Peterson nail with' 
tlie Thornton plate has been more satisfactory- 
in his hands, but this method does not always 
suffice unaided by external support. [Ed. Note 
(J. J. F.) — This complication is not as frequent 
w-hen the plate is introduced in the location used 
for internal fixation as it is when the plate is 
introduced high in the trochanteric cancellous 
bone.] 

Rowe and Ghormley state that while most 
authors believe that bone grafting yields the best 
end results in the treatment of nonunion of the 
femoral neck it is well know-n that only a small 
percentage of the cases meet the indications for 
this operation. While many ’have expressed the 
opinion that osteotomy offers the simplest and 
safest procedure for the patient who presents a 
poor risk and the ones not suitable for osteo- 
synthesis, the authors believe that better mechani- 
cal function can be attained by tlie use of one 
of the reconstructive operations if the condition 
of the patient does not prohibit it. If the head 
is nonviable, the ^^■hitman, the Cplonna or the 
Albee procedure is indicated. If the head is viable 
and the degree of absorption rules out a bone- 
grafting procedure, then the Brackett operation 
is indicated. A single long vitalHum screw, fix- 

102. Schneider, C. C. ; Sequelae of Fractures o£ 
Keck of Femur and Their Treatment, Wisconsin Af J 
43:799-804 (.Aug.) 1944. 

103. Rowe, M. L., and Ghormley, R. K. : Brackett 
Operation for Ununited Fractures of the Keck of the 
Femur, T. Bone & Joint Surg. 26:249-256 (April) 
1944. 
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are not usuallj- \Yilling to accept it, and it is con- 
traindicated when both hips are involved and 
when the spine is afifected. Cup arthroplast}" may 
offer hope of retaining motion and relieving pain 
in certain cases. 

Bergmann discusses aseptic bone necrosis 
in lesions of the hip. In fractures of the femoral 
neck, the arteries running along the inner lining 
of the capsule and entering the head are de- 
stroyed, leaving onl}' the vessels of the round 
ligament, which are insufficient in most instances 
to keep the head from undergoing necrosis. The 
adjacent living bone of the distal fragment unites 
with the head before it has gone through all tlie 
stages of reorganization. The endosteum of the 
distal fragment is the only source from which 
new bone is laid down, and this is inferior to 
periosteal callus. The pathologic changes of 
Pertlies’ disease (osteochondrosis of the capital 
epiphysis of the femur), congenital disloca- 
tion of tlie hip and caisson disease are discussed 
and illustrated with roentgenograms and photo- 
graphs. [Ed. Note (J. J. F.). — One interested 
in the pathologic changes of aseptic necrosis of 
the head of the femur should read this well illus- 
trated article. In fractures of tlie femoral neck, 
tliere often remains a significant blood suppty 
from the posterior capsular vessels.] 

Stephens reviews the literature on iliopec- 
tineal bursa and adds 2 cases to the literature. 
The globular mass may be confused with an 
enlarged inguinal node or a femoral hernia. As- 
piration of seromucous fluid will differentiate it 
from tlie former, and pulsation on top of the tu- 
mor will distinguish it from the latter. .A. psoas 
abscess is more fluctuant. Unilateral chronic dis- 
ease of the hip joint on the involved side suggests 
a possible associated bursitis. The simplest 
method of treatment is aspiration followed by 
administration of sclerosing solutions. If sup- 
puration occurs, incision and packing are ad- 
vocated. 

Pusitz believes that serious gunshot wounds 
of the hip and buttock with much fragmentation 
of the head, seen late, are best treated b)- resec- 
tion of the femoral head, sulfonamide compounds 
and Orr’s treatment. A reconstruction or arthro- 
desis may be performed subsequent to the control 
of the infection. In cases in which there is much 
destruction of tissue and in which a portion of 

110. Bergmann, E. ; Role of .-Vseptic Bone Necrosis 
in Hip Lesions, .A.m. J. Surg. 63:218-235 (Feb.) 1944. 

111. Stepbcns, Y. R. ; Tumor of Iliopectineal Bursa; 
Two Cases, Arch. Surg. 49:9-11 (July) 1944. 

112. Pusitz, M, E.. and Taylor, R. M. : Serious 
! Gunshot Wounds of Hip. J. Kansas Soc. 44:397- 

400 (Dec.) 1943. 


the sciatic nerve is lost, debridement removal of 
bone and, later, disarticulation of tlie hip may 
be indicated. One such case is reported in detail. 

Watson and Berkman state that failure to 
recognize march fractures of the femoral neck 
promptl}' may result in serious disability and 
deformity. They report the case of a soldier 34 
years old who experienced sudden severe pain in 
his hip while hiking and a few days later had 
pain on the inner side of his thigh and knee. 
He continued activity, and one month later roent- 
genograms showed an incomplete fracture with 
shortening and limited motion of the hip. He 
was treated by traction for tivo weeks and then 
used crutches, without weight bearing, for four 
months. 

Harmon and Adams review the end results 
of surgical reconstruction in 53 patients who 
previously had had acute pyogenic arthritis. 
Qironically discharging sinuses responded satis- 
factorily to treatment in 80 per cent of the cases. 
Positional correction of an ankj'losed hip, ank3-lo- 
sis of a painful hip and certain plastic procedures 
performed on young persons were found to be 
more satisfactory than arthroplastic procedures. 
Excision of the major part of the ilium in certain 
cases was thought to be of value when this portion 
of the pelvis was affected. Disarticulation of the 
hip joint should receive more consideration in the 
treatment of persistent suppuration of the hip 
joint in adults in the presence of osteomyelitis in 
the upper half of the femur. For young persons 
with unilateral instability of the hip joint the 
shelf operation is the procedure of choice, while 
for adults surgical arthrodesis is performed at 
the level of the acetabulum after the replacement 
of the dislocated hip. [Ed. Note (J. J. F.). — ^This 
article is well illustrated and many data are 
tabulated. Interested persons should refer to 
the original.] 

Milch is of the opinion that the angle of 
abduction is an unsatisfactory guide in perform- 
ing an upper femoral osteotomy, and the post- 
osteotomy angle is suggested instead. This angle 
represents the angle of the neck of the osteoto- 
mized femur and is measured by the line of the 
shaft and the line running from the "upper end 
of the osteotomized shaft to the femoral neck. 

113. Watson, F. C., and Berkman, E. F. : Fatigue 
(March) Fractures of Femoral Neck, J. Bone & Joint 
Surg. 26:404-405 (April) 1944. 

114. Harmon, P. H., and Adams, C. O. : Pyogenic 
Coxitis: Indications for Surgical Treatment in Residual 
and Chronic Stages and End Results of Reconstruction 
in Fifty-Three Patients, Surg., Gvnec. & Ob=t. 78:497- 
508 (May) 1944. 

115. Milcli, H. : The Postosteotomy Angle, J. Bone 
& Joint Surg. 26:394-400 (.April) 1944. 
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Till's angle siioulcl not be made greater than the 
angle of inclination of the outer wall of the level 
pelvis unless limitation of motion is desired. The 
postosteotomy angle is greater for 


poliomyelitis. Contractures were released by 
surgical operation, and a strip of fascia lata was 
brought through a bole in the trochanter and 

decree of abduction in tt,; tcf. r ramus 

c e^ree ot abduction m the bifurcation operation and attached to itself, with the extremity held in 

IS indicated for tuberculosis and co.xitis and 


. con- 

traindicated for congenital dislocation of the 
hip, fractures of the femoral neck, benign arth- 
ritides and all conditions in which motion is de- 
sired. The postosteotomy angle can be reduced 
below the critical value of the level pelvic wall 
by reducing the degree of abduction of the osteoto- 
mized fragment or by resecting the, medially 
projecting ape.x' of the postosteotomy angle. The 
average angle of inclination of the pelvic wall has 
been found to be between 205 and 210 degrees. 
The postosteotoiny angle must not be increased 
be)'ond this measure if the maximum stability 
without limitation of mobility' is desired. 

Bickel and Ghormlej' ^>0 find that the results of 
cup arthroplasty have not been uniformly' satis- 
factory', but in patients who are sei-ereh' disabled 
because of pain, deformity' or limited motion the 
results are sufficiently encouraging to justify' 
the operation. Vitallium is the best material yet 
found to use as a mold. The Incite cup has been 
discarded because it wears and breaks, necessitat- 
ing removal. Shortening of the femoral head 
and neck was obsen'cd in many cases when 
roentgenograms were compared with those taken 
six months later; in some cases it was so exten- 
sive as to alloiv the cup to ride on the base of 
the neck against the trochanter and shaft, but the 
results were no worse. The most disappointing 
results were obtained in patients operated on for 
aseptic necrosis. They were poor in over one 
half of the cases. The results for rheumatoid 
arthritis were better in men and in operations 
done on one side. The authors do not advocate 
operation until the sedimentation rate approaches 
normal. Eighty-eight of 91 patients were followed 
from eight months to five years. Only a few 
felt that they' were worse than before the opera- 
tion. [Ed. Note a.J. F.).-The authors have 
given a thorough appraisal of arthroplasty, and 
one should' read the original article in order to 

obtain a detailed report.] 

Spira ”■ reports the case of a boy unable to 
stand, even when supported, because of post- 


so that the hip could be swung 
in one plane. The author states that the patient 
was considerably improved. 

Kennedy' states that traumatic separation of 
the upper femoral epiphysis is rare. He reviews 
20 cases from the literature, and adds 1. Tlie 
injury' occurs during podalic version and breech 
extraction or breech loresentation and e.xtraction. 
The case reported by the author is the first re- 
ported witli cephalic presentation and is the only- 
reported case of bilateral injury. Rotaiy 
movements combined with traction on the leg 
usually produce the injury'. The clinical signs 
are swelling, slight shortening, external rotation, 
limitation of active motion, painful passive mo- 
tion and sometimes discoloration and crepitation. 
The roentgenograms show upward and oiitivard 
displacement of the proximal end of the diapby- 
sis, profuse callus formation, premature ossifica- 
tion of the capital epiphysis and a prominent 
subperiosteal reaction around the upper end of 
the shaft. In cases of severe injury' a coxa vara 
may result. Serial roentgenograms were found 
of great value in the diagnosis and management. 

Haines"" found that fracture of the acetabu- 
lum is an uncommon complication of convulsive 
therapy. He found 3 cases in the literature anti 
added anotlier. The patient was a boy of 17. A 
loud snap was lieard when convulsions began. 
Roentgenograms showed a fliin-walled acetabu- 
lum resembling an Otto type of pelvis, with pro- 
trusion of the head. The author has found that 
complications can be reduced to such a negligible 
degree by restraints that it is not nccc.ssary to 
use curare, as advocated by others. 

Hammond believes that posterior disloca- 
tion of the hip associated with a fracture of the 
acetabulum is the result of considcr.ablc trauma 
applied to the anterior aspect of tiie knee in t he 
direction of the long axis of the femur when the 
hip and knee are flexed 90 degrees. An accurate 
reduction is essential, even if it nece.ssitate.s open 


R. K. ; Coventrj-. 
Cup .Trthroplasty. 
Clin. 19:561-368 (Sov.) 1944. 


reduction, m order to reduce the incidence of 
‘ ‘ ■ If aseptic necrosis occurs. 

Traum.atic .Separation 
Rf/entvn:',! 


traumatic arthritis. 
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weight bearing is dela3'ed until tlic dead bone has 
been replaced. Vitallium cup arthroplasty maj* 
offer favorable results in certain cases compli- 
cated by traumatic arthritis and aseptic necrosis. 
[Ed. eWe (L. D. B.), — This report should be 
compared with that of Bickel and Ghormle\-.’*® 
The most disappointing results were obtained 
when operation was performed for aseptic 
necrosis.] 


Wolin describes the case of a man u*ith a 
Charcot joint who was treated for a dislocation 
of the hip following a fall ; shortlj- after treatment 
the dislocation recurred. Roentgenograms showed 
nothing abnormal, except for the dislocation, 
until one year later, when a fracture with disor- 
ganization of the femoral head was found. 

121. Wolin, I.: Tabetic Artliropathy of Hip, Radi- 
ology 42:79-80 (Jan.) 1944, 


V. CONDITIONS INVOLVING THE FOOT .\ND ANKLE 
EMIL I>. W. HAUSER, M.D., CHICAGO, AND ROBERT P, MONTGOMERY, M.D., MILWAUKEE 


Dew and Wooten present a series of 58 
march fractures of the metatarsal bones involv- 
ing 55 trainees. The majority of patients failed 
to disclose an}’ preexisting pathologic condition 
of the feet. i\Iarch fractures are attributable to 
the carr}’ing of heav}’ full field equipment and 
marching of distances longer than 6 miles (9.6 
km.) on a, hard surfaced road. Local treatment 
of mild fractures consists in the use of an ice 
bag for seventy-two hours, a whirlpool bag, a 
daily massage and crutches; moderate weight 
bearing within pain limit is allowed. Splinting 
of any form is not advised because of the ensuing 
stiffness of the foot and the increasing morbidit}-. 
The prophylactic measures advanced by the 
authors have materially lowered the high inci- 
dences of march fracture. They recommend 
gradual lengthening of the march, progressive 
increase of field equipment and, what is most 
important, marching on the soft shoulders of 
the roads or across the fields. 

Krause and Thompson report the results 
of a stud)’ of 200 soldiers who sustained 220 
march fractures of tlie metatarsals behveen May 
1941 and August 1943. Special attention is 
given to possible predisposing factors, and the 
various theories which have been advanced to 
explain the pathogenesis of these fractures are 
discussed. The immediate cause of the frac- 
ture is the rh}'thmicallv repeated, subthreshold 
traumas incident to marching, which, acting by 
summation, reach a point beyond the abilit}' of 
the bone to bear stress. Fatigue of the calf 
muscle causes these subthreshold injuries to be 
accentuated. The clinical obsen’ations and roent- 
genologic appearances are described in detail. 
Conseri’ative treatment restores these men to 
duty with a minimum of time lost. 

122. Dew, A., and \}'ooten. J. H., Jr.: Marcli 
Fractures: A Series of Fifty-Eight, Mil. Surgeon 95: 
356-359 (Kov.) 1944. 

123. Krause, G. R.. and Thompson. J. R.. Jr.: 
March Fracture: An Anahsis of Two Hundred Cases. 
Am. J. Roentgenol. 52:281-290 (SepL) 1944. 


In a study of a series of 82 cases of march 
fracture, Kemodle and Jacobs felt that phys- 
iologic inadequac}' of these feet was a factor 
even in their series, although they could not 
demonstrate any gross mechanical inadequac}’. 
The fatigue element with loss of elasticit}’ of 
the foot has been observed repeatedly and would 
expose the bony elements to more direct strain. 
The authors mention a suggestion that march 
fracture is based on the torsion mecham’cs of 
the foot and is due to an acute sinking of a 
previously well formed foot. Under stress, the 
medial portion of the anterior part of the foot 
gives way, and weight bearing is shifted to the 
second and third metatarsals, which become 
traumatized and may ultimately break down. 

The treatment is varied according to the stage 
of the fracture when seen. If the period is less 
than two weeks, a short leg cast molded under 
the metatarsal heads is applied and a walking 
rubber attached for a period of three to four 
weeks, followed by physical therapy for a week, 
and a metatarsal sponge pad is worn in the shoe. 
If the time is three to five weeks and there is 
moderate callus formation, simple pads and phys- 
ical therapy with moderate rest suffice. 

Tyner and Hileman studied 166 cases of 
march fracture, securing accurate information 
as to the time the fracture occurred after the 
beginning of the march, the foot involved and 
the metatarsal involved. The blood chemistr}’ 
was studied in 12 cases. Three cases are re- 
ported in detail. They believe that the most 
important factor in the production of these frac- 
tures is the increased stress on the metatarsal 
bones, induced by muscular fatigue. 

According to Breck and Higinbotham,^^® 
march fractures are felt to be due to crystalliza- 

124. Kernodle. H. E.. and Jacobs. J. E. : Metatarsal 
March Fractures. South. M. J. 37:579-582 tOct.) 1944. 

125. Tyner. F. H.. and Hileman. tV. T. : }farch 
Fractures : .An Analysis of One Hundred and Sixty-Six 
Cases. -Am. J. Roentgenol. 52:165-172 (.-\ug.) 1944. 


(Fosir.cies cor.iirucd f'Ci'ic) 



1 % 


ARCUIVES OF SURGERY 
i’’''>spiiaic in the hone, similar iron. The cast is 


. • » OlilllKlI 

to tile procc.ss occurring in metals subjected to 
intermittent stress, and in tin’s condition the 
result of e.vccssive niimitc springiiift- or bending 
from prolonged marciiing. A simple treatment 
consisting in the tisc of crutches for four weeks 
from tlie date of fracture is advocated, with 
complete, restriction of weight hearing during 
that time. Ilieoretic and practical considerations 
to support this method of treatment are given. 
.•\ series of .S-l cases is jircsented, 48 with c-xccl- 
lenf results, 5 with (wor results {in soldiers with 
[ireviously symptomatic poor feet) and 1 with 
a (|neslionahlc result. 

In a statistical study of 47 patients, Leardtt 
and \\’oo<lward discovered that many ac- 
cepted concepts were disproved and that patients 
had serious disability which tended to he recur- 
rent and prolonged as a result of march fracture. 
Many were lost to the combat unit permanently. 
Training is most important. Foot and general 
conditioning can be obtained as clTcctively on 
soft or natural ground as on hard. Combina- 
tions of training on hard and on soft surfaces 
should be arranged to properly adjust these fac- 
tors. At present the authors believe that early 
diagnosis and treatment by absolute freedom 
from weight hearing until soreness disappears 
may give tlic best results. The end results 
reported in this study have been poor. The 
authors conclude that march fracture in soldiers 
is more serious than other reports have indi- 
cated. Most patients returned to liglit duty with 
their organizations while wearing unpadded 
plaster casts. They appeared to do little better 
than patients with unrecognized or late untreated 
fracture or the few patients who, though seen 
early, were untreated by choice. These poor 
results appeared despite the fact tiiat weight 
bearing in plaster is one of the accepted forms 
of treatment, 

Eddy's discover)' of 3 cases of march frac- 
ture among women of a shell-loading plant dur- 
ing an eighteen month period prompted him to 
bring it to the attention of industrial physicians. 

In these cases the fractures developed after work 
involving long hours of walking or standing on 
concrete floors. Treatment consists in immo- 
bilization in a boot cast fitted with a walking 

126. Breck, L. W., and Higinbotham, N. L.; March 
Fracture: New Concepts of 

Afethod of Treatment, Mil. Surgeon 95:313-315 (Oct.) 

1944. 

127. Leavitt, D. G., and Woodward, H. W.: March 
Fracture; A Statistical Study of Forty-Sev^en Patients, 

J Bone & Joint Surg. 26:733-742 (Oct) 1944. 

’l28. Eddy, J. H., Jr.: .March Fracture in Industry, 

New Orleans M. & S. J. 97:171-173 (Oct) 1944. 


worn SIX weeks, and roent- 
genograms shonld show firm callus before the 
patient is allowed to walk on the foot. With a 
properly fitted cast these employees are able to 
contmuc their work. The author points out 
that the question of compensability arises. In 
this type of case the problem is extremely diffi- 
cult, as it does not fulfil the requirements of an 
accident. In his state, however, the compensa- 
tion act provides for the payment of compen- 
sation in all injuries received by an "employee 
in performing services arising out of and inri- 
dcntal^ to his employment.” Under this inter- 
pretation of the law it has been advised that 
these cases can be accepted under the compensa- 
tion act. 

From a study' of 307 cases of march fracture, 
Bernstein and Stone concluded that prior to 
the introduction of “speed hikes” and prolonged 
marches in the curriculum of basic training, this 
fracture was a rare entity. Soon after this 
change in the curriculum occurred, thi's syndrome 
was seen. The pathologic condition occurred 
in soldiers irrespective of age, height, weight and 
general body build. No usual or unusual de- 
formities of the foot were associated with this 
condition. One or more of the metatarsal bones 
may be involved at the same time or at different 
times during the same training cycle. There is 
no relation between preinduction occupation and 
development of a march fracture. Contrary' to 
general opinion, this condition occurs in Negro 
soldiers, although not nearly so frequently as 
in the wliite soldiers. In the authors’ opinion, 
the treatment of a march fracture of the foot 
by immobilization in a piaster of pan's bandage 
is not indicated. These authors use a steel 
bar from 34 to ^ inch (1-3 to 1.6 cm.)^ wide, 

3^ inch (0.3 cm.) thick and 6 inches (IS cm.) 
long, countersunk into the sole of the shoe on 
the under side or non-weight-beanng surface of 
the sole and held in position by four nvets. The 
relief obtained by this means is definite and 
becomes more noticeable after several days, that 
is as soon as the patient becomes accustomed 
to’ walking with a stiff-soled shoe. In this way 
the patient may continue the greater part of his 
basic training with little handicap. Iilost patients 
continue with their full training and are rarely 
hospitalized. Occasionally the patient obtains 
further relief by having a felt pad placed along 
the longitudinal arch in order to redistribute the 
weight. The steel bar is kept in position for 
approximately four to five weeks, at which tunc 

Bernstein, A., and Stone, J. R.: .March Fracture • 

A Venort of Three Hundred and Seven Cases and a 
New Method of Treatment, J. Bone & Joint Surg. 2 . 

243-750 (Oct) 1944. 
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the fracture has solidh’ healed. The metal bar 
can then be removed and used again. 

Clement reports a stud}' of 32 cases of 
march fracture in ^vhich the fracture was oblique 
in all early cases and the second and third meta- 
tarsal bones onl)’ were involved ; these were 
longer than the first metatarsal bones in all but 
2 cases, and the fracture line appeared on the 
medial surface in 29 cases. The increased length 
of the second and tliird metatarsal bones de- 
ranges the normal tripod structure of the foot, 
and inarch fracture results' from stress and strain 
as a result of leverage on the bones, muscle pull 
of the lumbricalis and interosseus dorsalis mus- 
cles, which become spastic from irritation in- 
duced by marching. 

Bosshardt^^^ states that the high incidence of 
march fracture in German and Swiss armies is 
due to rigid cadence of marching. There is a 
definite difference between the occurrence in 
these two armies and that in the French army, 
which has an easy marching rhj'thm. American 
soldiers generallj' have led sedentary lives and 
have poor muscle tone and are therefore liable 
to have march fracture. The author believes 
that the fracture is primary and is related to a 
preexisting static disturbance of the foot, on 
which rhythmically repeated subthreshold me- 
chanical insults have been acting. The treatment 
consists in rest and in physical therapy which 
incorporates exercises especially for dorsal and 
plantar flexion at the metatarsophalangeal Joints. 

Salmon’s report is based on 5 cases of 
march fracture. He relates that the absence 
of a history of direct trauma is responsible for 
some missed diagnoses. The characteristic ap- 
pearances of the bone changes in the roentgeno- 
grams are described. Immobilization and rest 
are the suggested therapeutic measures. 

Hullinger and Tyler report 313 cases of 
march fracture in recruits undergoing training. 
The series includes a small number of cases of 
stress fractures in bones other than the meta- 
tarsals. It is believed that in 100 additional 
cases there were early march fractures which 
were completed by a definite trauma, but these 
cases have not been included in the series. A 

130. Qement, B. L. ; March Fracture: A Common 
Disability of the Foot, J. Bone & Joint Surg. 26:148- 
150 (Jan.) 1944. 

131. Bosshardt, C. E. : March Fracture: A Common 
Disability of the Foot in Militarr- Practice, Arch. Phrs. 
Therapy' 25: 41-44 (Jan.) 1944. 

132. Salmon, J. K. : March Fracture, J. Ro)’. Nav. 
M. Sery. 30:1-5 (Jan.) 1944. 

133. Hullinger, C. W., and Tyler, )V. L. : March 
Fracture : Report of Three Hundred and Thirteen Cases 
Bull. U. S. Army if. Dept., September 1944, no. SO, 

pp. ;2-so. 


detailed statistical analysis is made of the pos- 
sible relationship of age, weight and other fac- 
tors to the causation of the condition. The most 
interesting conclusion is that there is no pre- 
disposition to march fracture by any anatomic 
defect or variation, either acquired or congenital. 
The roentgenograms in the present series have 
been compared with three hundred roentgeno- 
grams of feet chosen at random. Measurements 
were taken of metatarsal length, width and spac- 
ing ; position and conformity’’ of sesamoid bones ; 
length and width of feet, and general formation 
of foot. “There was no essential difference in 
the average of measurements in the two groups.” 

The general conclusion is that march frac- 
tures are brought about by trauma in the form 
of repeated subthreshold insults to the bone 
caused by walking. The determining factor is 
essentially a physiologic weakness secondary to 
fatigue. The incidence of march fractures is 
directly" related to the severity" of the training 
program. A new training order increasing the 
load carried by a man and the amount of exercise 
taken immediately" resulted in a sharp .increase 
in the number of patients with march fractures 
admitted to the hospital. The authors favor 
treatment by" immobilization in a light walking 
plaster cast. They believe that if the bone is 
not protected from strain in this way callus will 
be excessive and recovery delayed. With treat- . 
ment as outlined, all but 2 of the subjects re- 
turned to the full rigorous training program 
in an average of thirty'-three day"S from the time 
of diagnosis. 

[Ed. Note. — The incidence of march fracture 
has increased because of the war so that it domi- 
nates the literature on the foot. The various 
reports seem to be in accord with regard to 
the history", symptoms and findings. There is 
some variation with regard to causation, but 
most authors feel that the change in the bone 
is a matter of strain and that there is an im- 
balance between the capacity" of the bony struc- 
ture and the demand made on these structures. 
The result is a disturbance which leads to the 
hypertrophic changes and the actual fracture. 
The treatment varies somewhat, although the 
consensus seems to be that more protection is 
needed, particularly in the acute phase. The 
rehabilitation of the foot to gain maximum ca- 
pacity, so that the patient can carry out the 
duties of a soldier as soon as possible, is also 
stressed. This can be accomplished by means of 
walking casts or by means of a new derice, a 
longitudinal steel bar in the shoe. This seems 
to fulfil the prerequisites of protection of the 
metatarsal bone and early resumption of actirity.] 
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HiiUmKfr stales that at Cai.ij, Whedcr 7I 
cases of proved fracture of the caicanciis bone 
were observed in 53 patients in less than a year, 
liiesc jracturcs^ resulted from the "toughening 
up’ of the training program. Treatment in- 
cluded rest, avoidance of weight hearing on the 
heels and j>hysical tlicrapy. I.,atcr, felt heel 
inserts or rubber heel elevations or both were 
used, .After a period of eight to ten weeks the 
inen were able to retnrjj to full military dutv. 

'■^‘‘^"'■'■^'uces were ob.sen'cd. {Ed. Note.— 
'riiis is an intcrc.sting report, particularly in the 
great number of cases' that were obscr\-ed. We 
have seen such fracture.s only rarely j it is pos- 
.sible that they may have been overlooked.} 

A case rcjiort i.s prc.sentcd by Raisman of 
a sjKintancous fracture through the apophysis of 
the right calcaneus bone wiiich occurred in a 
middle-aged woman with a previous history of 
.sypliilis. 

Bingham”' states that 10 per cent of the 
.soldier patient.s in a designated army camp who 
complained of painful feel were found to has’c 
Morton’s syndrome, which is the result of a 
developmental .shortening or rcla.xation of the 
first metatarsal segment of the foot. A com- 
pensating insole, consisting of a weight-bearing 
platform for the first metatarsal bone, permitted 
76 out of 100 soldiers to continue full militaiy 
. duty. 

According to llfeld,”' the observations in a 
group of 75 white soldiers who were admitted 
to the orthopedic service with complaints refer- 
able to the feet and subsequently discharged from 
the service were compared with similar obsers’a- 
tions obtained on examination of 347 white sol- 
diers who were admitted to the orthopedic ser- 
vice with complaints referable to tlie feet and 
subsequently discharged from the service with 
no subjective symptoms. The majority of the 
men receiving discharges had a so-called third 
degree pes planus. Seven men of the normal 
group also had a third degree pronation. It was 
suggested, therefore, that pronounced pronadon 
may be present without symptoms. Of the 
75 men discharged, 48 gave a history of pre- 
viousl)' using supports ; 46 also had backache, 


334. Hullinger, C. W.; Insufficiency Fracture of the 
Calcaneus Similar to March Fracture of the Metatarsal, 
J. Bone & Joint Surg. 26 -.751-757 (Oct.) 19«. 

135. Raisman, V. : Spontaneous Fracture of the Cal- 
caneus, Am. J. Surg. 65:290-292 (Aug.) 1944. 

136. Bingham, R.; Painful Feet; Congenita! Insuf- 
ficiency of the First Metatarsal Segment as a Causg 
Among Soldiers Recently Inducted into the Army, 
T, A. M. A. 124:283-256 (Jan. 29) 3944. 

137. Ilfefd, F. W.: Pcs Pianus: Military Sjgmfi^ce 
and Treatment with Simpie Arch Support, J. A. ^ . 
124:281-283 (Jan. 29) 1944. 


mid 54 had pains in the knees. The treatment 
tor pcs planus used consisted of properly fitting 
shoes with individually fitted leather insoles to 
winch were glued pieces of felt for support under 
the longitudinal and under the transverse arches 
and foot hygiene. The felt pads were adjustable. 

Harris presents numerous cases of various 
structural defects in the feet and evaluates them 
relative to the symptoms of the individual case. 
The article is in the form of a written report on 
a clinical presentation of cases. 

Morton discusses the biomechanics of the 
foot and its relation to functional disorders and 
deformities. He describes the evolutionary de- 
velopment of the foot and then shows the rela- 
tionship of gravity and normal function of the 
foot. The structure of the foot is primarily con- 
cerned with the reaction toward the force of 
gravity. The relationship of gravify in standing, 
as well as in walking, is thoroughly worked out. 
The importance of the anatomic structures as 
supportive mechanisms against gravity is studied 
by means of roentgenograms, as well as by baro- 
graphs and kinetographs. The instrumental 
analyses have led Morton to the conclusion that 
gravitj: is the only mechanical force capable of 
producing harmful or destructive disorders and 
deformities of the feet. Imperfections in the 
skeleton of the foot are direct and immediate , 
sources of disordered function. Through such 
imperfections the abnormal dissemination of 
weight stresses and strains permits gravity to 
exert injurious effects on the overloaded parts. 
Correction of pedal disorders and deformities , 
requires a clear knowledge of the normal inter- , 
action of the feet with the force of gravitj' so 
that logical therapeutic procedures can be 
arrived at. 

mat Bettmann”" terms a functional-ana- 
tomic analysis, the regaining and maintenance of 
the originally predominant grasping function of 
the human foot, is stressed. It is emphasized 
that exercises for the foot should not be given 
without accompanying instructions for correct 
posture in general. Analysis is based on a 
supinated position for the os calcis in addition 
to the e.xercises for the "arch presenter units” 
of the foot. An exercise sandal supplied with a 
“Spitzy Bail” is utilized for e.xercises. 

iv^^Hairis R. I. : Foot Problems in the .^nny and 
Out of It, Bull. Vancouver A. 20:273-276 (JuW 

Morton, D. J.: Foot Biomechanics; Fonctiono! 
Disorders and Deformities, M. Physics, 1944, pp. 4:./- 

Bettmann, E. H. ; The Human Foot = A Study ri 
Its Structure and Function; New Pnncuonal Exera.o, 

.Arch. Phys. Therapy 25:13-26 (Jan.) 19-r4. 
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III a report of 2O0 cases of foot disorders 
selected at random from the orthopedic clinic, 
Burnham concluded that it would be better 
carefull}’ to eliminate men with severe foot dis- 
orders at the induction centers because it is 
difficult under military conditions to treat these 
disorders so that the men can perform useful 
service. He believes that an improved ortho- 
pedic shoe should be issued to all soldiers who 
exhibit some foot weakness and that the shoe 
should protect the trainee against acute foot 
strain which leads to a pes planus. He also 
urges conseiwative measures ratlier than any 
radical operation with regard to the treatment 
in military' sendee. 

Hauser states that the cause of most com- 
mon foot disorders is functional decompensation 
or an imbalance between the work required 
of the foot and the capacity of the foot to do the 
work. Increase in load ma)- cause this ; standing 
on hard surfaces and wearing stiff-shanked shoes 
or shoes with high, narrow heels are causative 
factors. If the foot is in valgus position, it should 
be brought into varus position. Shoe corrections 
may help; a medical wedge on the heel and a 
comma-shaped bar higher on the outside, which 
does not go under tlie fifth metatarsal bone, to 
bring the anterior part of the foot into relative 
pronation, is recommended. In addition, the 
patient must be taught how to stand and how 
to walk and given special foot exercises. He 
must have rest periods which are controlled and 
fimctional exercises graded to individual needs. 

Cleveland, ^^''illien and Doran have oper- 
ated on 25 soldiers, including 1 officer and a 
nurse. In 22 of the cases the patients’ subse- 
quent fate is known. Half of the soldiers oper- 
ated on for a single bunion returned to full dut}', 
but onh' 13 per cent of those with bilateral 
bunions returned to full dutj- after operation. 
A comparison of different operative procedures 
led the autliors to believe that Keller’s operation 
is the hiethod of choice because of good and quick 
healing, relatively simple after-treatment and a 
quicker recover}* tlian after other operations. It 
is emphasized that in general the results of oper- 
ations for hallux valg^us in soldiers are unsatis- 
factor}* and tliat no operation for bunion should 
be undertaken, especially for bilateral bunions, 

141. Bumliam. \V. H.; ,A.rmy Foot Disabilities, Mil. 
Surgeon 95:20-24 (July) 1944. 

142. Hauser. F. D. \V. ; Common Foot Disorders ; 
Rehabilitation with Physiologic Exercises. .Arciv Phys. 
Therapy 25:93-93 (Feb.) 1944. 

143. Cleveland. M. : Willien, L. J.. and Doran, P. C. : 
Surgical Treatment tor Hallux Valgus in Troops in 
Training at Fort Jackson During the Year of 1942, J. 
Bone 5: Joint Surg.. 26:531-534 (July) 1944. 


unless there seems to be a reasonable prospect 
of the soldier’s return to full duty. 

Silver and Rusbridge state that in view of 
the relative frequency of sprains of the ankle 
a method of treatment which returns the soldier 
to active duh* in the shortest time with minimum 
of disability or hospitalization is greatly to be 
desired. At a station hospital in North Africa, 
74 patients with severely sprained ankles were 
treated in nine months. Of these, 67 returned 
to active duty immediately and 2 had associated 
chip fractures of the lateral malleolus ( 1 returned 
to duty immediately and the other was overnight 
in the hospital because of no transportation). 
The cases of the 6 remaining patients, who were 
hospitalized, are analyzed. 

The authors advocate a basket weave ankle 
strapping that does not encircle the leg at any 
point and that is applied with the foot at right 
angles to the leg and in neutral position regard- 
ing varus and valgus. Strapping the foot in 
inversion is condemned. Compound tincture of 
benzoin is applied to the skin prior to the strap- 
ping. Immediate use is recommended. They 
attempted to treat 5 patients with injections of 
procaine hydrochloride into the tender areas, 
without strapping. All obtained complete relief 
at once and walked out unassisted, but all re- 
turned the next day limping and with recurrence 
of disability and pain. They were thenjreated 
with a basket weave type of strapping, with good 
results. 

Snow and Kraus describe a method of 
administering procaine hydrocliloride by ionto- 
phoresis for painful limitation of motion. The 
technic consists in the application of a solution 
of 1 per cent procaine hydrochloride and a 
1 : 20,000 solution of epinephrine in 80 per cent 
alcohol. A gauze pad two to four layers thick 
is soaked in the solution and placed over the 
area to be treated. A crash towel is folded twice, 
soaked in isotonic solution of sodium chloride 
and spread over the gauze. A flexible metal 
electrode which is smaller than the towel is then 
placed over it. The positive pole of a source of 
galvanic current is attached to the metal elec- 
trode. The electrode is fixed by means of band- 
ages. A neutral electrode of appro.ximately the 
same size is moistened with weak saline solution 
and connected to the negative pole. The current 
is slowly applied and increased to 20 milliam- 
peres and permitted to flow for twenty minutes. 

144. Silver. C. M.. and Rusbridge. H. W, : Tlie 
Treatment of Sprains of the .-\nklc. if. Bull. Xorth 
.\frican Theat. Op. (no. 5) 1:2C>-2S filay) 1944. 

145. Snow, \V. B.. and Kraus. H. : Xovccaine Ionto- 
phoresis for Painful Limitation of Motion. Mil Surgeon 
95:360-362 (Xov.) 1944. 
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I he etirrent is gently reduced, and the electrodes 
are removed. The method of treatment is ap- 
Idicahlc m ail ca.scs in which there is limitation 
of motion due to muscle spasm. It has the 
advantage that there is no reaction or danger 
of infection, as with the injection of procaine 
!i)'droc!i!oride. 


j hi). Notk. — 1 he use of local injection is 


encouraged as soon as the pain has disappeared, 
and the patients soon develop a “heel-toe” tj-pe 
of walking, which is much preferred to the 
pivoting that occurs with Bobler's walking cali- 
per. The cast is retained for ten weeks, and then 
normal movements are regained by supervised 
exercises. The results to date have been uni- 
formly good. A recurrent dislocation of the 


ynluable m the treatment of a sprained ankle, •'•ohle joint is disabling, and early 


It relieves the pain and allows more normal 
function. It also relieves muscle spasm and per- 
mits replace'mcnt of the foot into normal position. 
For minor injuric.s in which the irritation and 
spasm arc the greatest factors, local injection is 
often ail the treatment that is required. In cases 
in which there is an c.xtensivc tear of the Hga- 
ment, protection by means of the bandage de- 
■scribed is indicated,] 

Tile conditions of acute and recurrent disloca- 
tion of the angle joint, unaccompanied with frac- 
ture, do not appear to have achieved due recog- 
nition, according to Tucker.^® His article re- 
ports six acute and eight recurrent dislocations 
of the ankle. The structural factors responsible 
for the stability of the ankle joint are described. 
The fwthologic conditions of acute and charac- 
teristic recurrent dislocation of the ankle joint, 
the clinical features of dislocation and the method 
used to demonstrate the lesion are described in 
considerable accurate detail. Watson-Jones and 
Pennal recommend local anesthesia. VVhen ade- 
quate anesthesia by means of pentothal sodium 
given intravenously has been obtained, the foot 
is grasped by one hand and the leg firmly grasped 
by an assistant. The foot is then forcibly inverted 
and the contour of the ankle region inspected. 

If the talus bone is tilted by this maneuver, a 
crease is evident across the front of the joint. 

By palpation a gap can be demonstrated antero- 
laterally between the tibia and the talus bone. 
Performance of the maneuver under the fluoro- 
scope is recommended if possible, and positive 
results should be recorded on roentgenograms. 
Full inversion is all that is needed, and the ease 
of producing the dislocation is just as significant 
as the degree of displacement obtained. If the 
maneuver is performed with care, there is no 
need to inflict further damage. 

The treatment recommended for acute disloca- 
tions is immobilization in a skintight plaster 
extending from the metatarsal heads to the tibial 
tuberosit}-. An army boot is fitted over the 
plaster, and a sponge rubber or felt is placed in 
the sole of the shoe for resilience. Walking ts 

146. Tucker, F. R. : The Stabiliw and Instability of 
the Ankle Joint, J. Canad. -AI. Sen-. 1:411-41/ fjuly} 

1944. 


, recognition 

IS urged. Severe sprain should receive appro- 
priate attention in every case, and the manipula- 
tion described should be performed to test the 
integrity of the lateral ligaments. In all cases 
of acute dislocation, the ankle should be immo- 
bilized in plaster for about ten weeks. Injuries 
of this sort are probably responsible for the lay 
expression that “sprains of the ankle joint are 
often worse than a fracture.” 

[Ed. A'ote. — It is difficult to overemphasize 
the advantages of an examination of an injured 
ankle with the patient anesthetized or when a 
local anesthetic is utilized. Even the most skilful 
clinicians will miss significant pathologic condi- 
tions without the use of a general or a local 
anestlietic.] 

Roth describes a case of bilateral foot de- 
formity, probably secondary to a congenital 
lesion of the rubrospinal tract, characterized by 
recurrent pes cavus, by complicating local infec- 
tions from previous operative procedure and, 
later, by the appearance of dorsal exostoses and 
severe equinus. An anteroposterior tarsal wedge 
resection was useful in reconstruction of the right 
foot. The base of the wedge, which lay on the : 
dorsum of the foot, was Ijd inches (3.8 cm.) 
wide. The apex la)’ in the posterior portion of 
the os calcis. Care was exerted to leave a suf- 
ficient thickness of bone under the distal articular 
surface of the ankle Joint, so that its integrity 
would not he disturbed at operation. 

Brown and Brown present a case showing 
complete dislocation of the os calcis on the talus 
with 90 degree lateral rotation of the foot, the 
scaphoid bone being separated anteriorly from 
the talus. There was no fracture apparent. The 
dislocation occurred as a result of an external 
rotation force. Under pentothal sodium anes- 
tliesia, gentle manual traction and internal rota- 
tion was accompanied with sudden and near!) 
complete reduction of the dislocation. The slight 
displacement was corrected by removal of the 
original cast and recasting the extremity with the 

B.: Use of Anteroposterior Tar»! 

Wedire Resection for Unusual Foot Deformity, Be.!. 

Hosp^ Joint Dis. 5:26-30 (.April) 1944. 

14S. Brown, M. J., and Brown, fuba^ 

aloid Dislocation, Am. J. Surg. 63:2/6-2// fta.) 

1944. 
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toot in full dorsiflexion. A cast was worn two 
weeks, and roentgen ray check-up showed a 
normal left ankle. On this day the cast was 
removed and weight bearing allowed. In four 
days the swelling was no longer present, and 
good motion of the joint was present without 
pSIn or stiffness. The patient was discharged 
vjTfull duty in approximately four weeks after 
tats injury. 

Braun expresses great satisfaction in the 
•^isults he obtained b\’ consen-ative therapy for 
bilateral acquired pes cavus deformities of severe 
degree in a 24 3-ear old seaman. The treatment 
consisted in manual stretching of the contrac- 
tures, restoration of the articular function b}' 
manipulation, fulcral. felt blockings and straj> 
pings, ph3'sical therapy and an appliance to 
establish proper balance of the feet with weight 
bearing. He states that this case demonstrates 
what success can be obtained b}- an intelligent 
approach to this condition. 

Bo3-d reports 4 additional cases of talon- 
avicular S3-nostosis, the patients being a white 
girl of 10 years, a white bo}' of 10 3'ears, the 
bo3'’s father aged 45 and the bo3-’s grandmother 
aged 72. The relationships of the last 3 patients 
suggest a hereditary nature of the condition. 

Cohen reports an additional case (20 pre- 
vious cases have been reported in the literature*) 
of osteochondritis dissecans of the astragalus. 
An operation two weeks after the trauma af- 
forded an opportunity to note capsular damage 
(ecclwmosis) which may account for this lesion. 
Necrosis was rapid and probabl}' occurred, im- 
mediately after the vascular damage or, at most, 
within several weeks. A description of the ob- 
ser\'ations at operation for the removal of the 
osteochondritic body, the microscopic pathologic 
clianges and the differential diagnostic points 
between an osteochondritic bod}- and a post- 
traumatic osteochondral fracture are presented. 

Croce and Carpenter state that tearing of 
the plantaris tendon or tennis leg occurs most 
frequentl}' in middle-aged persons. The s}-n- 
drome does not cause much disabilit}- and has 
not been widel}- investigated. The immediate 
cause of this S3'ndrome and the end result are 
not definitel}- known. The authors present a 
case histon- which is unusual for three reasons : 
1. The cause was direct trauma. 2. The tear 

149. Braun, G. S. : Bilateral Pes Ca\-us : A Case 
Report, U. S. Nav. M. Bull. 43:346-348 (Aug.) 1944. 

150. Boyd, B. H. : Congenital Talonavicular Sj-nos- 
tosis, J. Bone & Joint Surg. 26:682-686 (Oct.) 1944. 

151. Cohen, H. H. : Osteochondritis Dissecans of the 
.Astragalus, Bull. Hosp. Joint Dis. 4:86-91 (Oct.) 1943. 

152. Croce, E. J., and Carpenter, G. K. : Rupture of 
the Plantaris Muscle, J. Bone & Joint Surg. 26:818-820 
(Oct.) 1944. 


occurred near the origin of the muscle bell}-. 
3. The injury resulted in a degenerative tumor 
of the muscle. It would seem that the plantaris 
tendon was torn from its origin along the linea 
aspera and probably deprived of its blood supply 
and a degenerative reaction of the belly of the 
muscle resulted. 

Bickel and IMoe have described an opera- 
tive procedure for the relief of parahtic cal- 
caneal deformity of the foot resulting from polio- 
myelitis in 13 patients. The method consists 
in translocating the peroneus longus tendon by 
sliding it intact around the lateral border of the 
heel into a groove in the midline of the os calcis 
in an attempt to improve on the results obtained 
when the peroneal tendon is cut and trans- 
planted into the tendo Achillis. They concluded 
that the best results were obtained when the 
operation was done on patients who had slight 
remaining power in the gastrocnemius muscles 
and fair or better power in the transposed per- 
oneal muscle. It was their opinion that the 
results were strikingly better than if the peroneal 
tendon had been cut and then transplanted into 
the tendo Achillis. 

A case of hereditar}- malformations of the 
hands and feet has been traced through four 
generations by Stiles and Pickard.^^^ The de- 
fects in the extremities ranged from gross split- 
ting of the hand or the foot to slight abnormali- 
ties of the digitis. An inspection of the pedigree 
rei-eals that the trait may be inherited as a single 
dominant. Modif}-ing genes, environmental fac- 
tors or a combination of both may be responsible 
for the extreme pol}-morphism of the character. 

Experimental fractures in rabbits were treated 
by Blum with phosphatase and calcium gly- 
cerophosphate with and without an anchoring 
medium (an alginate gel) employed to prevent 
the too rapid diffusion of the introduced enz}-me 
from the region of the bone gap. Enzyme and 
substrate were either injected into the gel, which 
had been pressed into the bone gap, or were 
injected into the bone gap, in which the gel 
was subsequently formed in situ. Progress of 
repair of the bone was followed by roentgeno- 
grams and by histologic examination. The 
treated fractures showed acceleration of repair 
as compared with untreated controls. 

153. Bickel, tV. H., and Atoe, J. H. : Translocation of 
the Peroneus Longus Tendon for Paralrtic Calcaneus 
Deformiu- of the Foot, Surg., Gi-nec. & Obst. 78:627- 
630 (June) 1944. 

154. Stiles. K. -A., and Pickard, I. S. : Hereditarj- 
Malformations of the Hands and Feet, J. Hered. 34: 
341-344 (Nov.) 1943. 

155. Blum, G. : Phosphatase and the Repair of Frac- 
tures, Lancet 2:75-78 (July 13) 1944. 
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sivc chillin'; and ischemia of all the various 
tissues of the foot or hand. These arc suc- 
cessively alTcctcd in the inverse order of their 
biologic fortitude. The complication of duo- 
denitis with duocfcnal hemorrhage is described. 
It is .suggested that this may be due to the 
absorption ol toxins from the damaged area, 
i lie similarity with Curling’s duodena! ulcer in 
burnt patients is noted. 

^^'hitc and \\\arren,'“‘ with regard to immer- 
sion foot, believe that they have established the 
fact tliat there are two definite factors which 
account for this painful syndrome. In the early 
phase of inflammation pain is due to anoxia of 
the injured superficial tissues and nerve endings. 
Pain of this type can be controlled by cooling 
the legs, as this lowers cellular metabolism and 
makes the reduced demand for oxygen com- 
mensurate with the limited supply which can be 
furnished by the thrombosed superficial blood 
vessels. The second type of pain is characterized 
by aching and rigidity of the toes and comes on 
later, after several days have elapsed after a 
rescue. This may cause prolonged disability. 

Edwards, Shapiro and Rufiin state that 
exposure of the foot for several day's to cold, 
damp weather frequently results in a condition 
known as trench foot. The outside temperature 
required to cause trench foot is not so low as 
that required for frostbite, mainly because of the 
contact of the extremity with water. There is 
an anoxia of the tissues and the muscles which 

167. White, J. C., and Warren, S.: Causes of Pain 
in Feet After Prolonged Immersion in Cold Water, 
War Med. 5:6-13 (Jan.) 1944. 

I6S. Edwards, J. C; Shapiro, Jf. A., and Ruffin, 

T B • Trench Foot: Report of Three Hundred and 
Fifty-One Cases, Bull. U. S. Army Rf. Dept.. December 
1944, no. 83, pp. 58-66. 


results in damage to nerves. When the feet 
get warm after exposure, the toes tingle, burn 
or ache. In this period of too rapid thawing, 
much damage may be done. The capillary' ves- 
sels may be injured. The condition is diwded 
into four degrees according to severity': (I) cool 
and moist, (2) cold and cyanotic, (3) cold and 
cyanotic with blebs and (4) gangrenous. The 
treatment consists in washing the feet with soapy 
water (70 F.) and then exposing them to warm 
temperature. Absolute rest in bed is adrised 
and then gradual calistlienics followed by re- 
habilitation exercises. In case of severe damage, 
injection of procaine hy'drochloride into fte 
lumbar sympathetic chain was tried, but with 
unsuccessful results. Lumbar sy'mpathectomy 
seemed to be of some use in grade 4, in which 
gangrene was present. Prophylactic measures, 
principally keeping the feet dry and general 
hygienic measures for the foot, are recommended. 

Baker and Kuhn conclude that Morton’s 
metatarsalgia syndrome is caused by a tumor 
in the fourth plantar digital nerr'e. The cause 
of tins lesion is questionable, but the anatomic 
relationships of the nen-e and the pathologic 
observations indicate that it is a degenerative 
fibrosis of the nerve with neuromatous prolifera- 
tion resulting from, or irritated by, repeated 
trauma. The characteristic history' of the syn- 
drome and the presence of a localized tenderness 
to deep palpation in tlie third web space or 
between the third and fourth metatarsal hrad 
on the dorsal surface of the foot make the diag- 
nosis simple. Excision of the tumor relieve? 
the symptoms. 


169. Baker, L. D., and Kuhn. H. H. : Loralized De- 
generative Fibrosis with Neuromatous FmiiferaUOT o 
"ourth Piantar Nerve, 

[March) 1943. 
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In the majority of diseases of the upper part 
of the abdomen, the sj-mptoms are sufficiently 
well defined to permit a definite diagnosis. Prob- 
ably the most prominent exception in this respect 
is the pancreas. At the same time, this organ 
is often involved in pathologic conditions of the 
surrounding viscera and even in diseases of more 
remote regions. The problem of pancreatitis is 
the old problem of abdominal surgerj' and, since 
a direct attack on the pancreas is as yet fraught 
with so much danger, a proper consideration of 
prepancreatic and peripancreatic disease, together 
with the etiologic factors as forerunners of acute 
and of chronic pancreatitis, becomes of vital im- 

' portance. There is ample evidence ^ to prove 

• that cholecystitis and acute and chronic pan- 
creatitis coexist in a large percentage of cases, 
but the cause of such coexistence is still obscure. 

• Where does the provocative agent come from ? 
Among the many explanations of the cause of 
pancreatitis, the one attributing the condition to 

, a reflux of bile into the pancreatic duct seemed 

• the most plausible to the greatest number of 
clinicians until Rich and Duff,“ seeking the cause 
of acute hemorrhagic pancreatitis in cases in 
which there was no ampulla of Vater, conclu- 
sively demonstrated that in some cases acute 
hemorrhagic pancreatitis is due to metaplasia of 
the epithelium of the duct with associated dilata- 
tion of the duct and acinar rupture behind the 

From the Department of Surgerj-, Johns Hopkins 
Uiuversit 3 - School of Medicine and Hospital, and the 
Department of Surgerj-, Duke University School of 
Medicine and Hospital. 

1. Edgahl, A. : A Review of One Hundred and Five 
Reported Cases of Acute Hemorrhagic Pancreatitis, with 
Special Reference to Etiology, wth a Report of Two 
Cases, Bull. Johns Hopkins Hosp. 18:130, 1907. Mayo, 

J. : The Surgical Treatment of Pancreatitis, Surg., 
Gj-nec. & Obst. 7:607, 190S. 

2. Rich, A. R., and Duff, G. L. : Experimental and 
Pathological Studies on the Pathogenesis of .Acute 
Hemorrhagic Pancreatitis, Bull. Johns Hopkins Hosp. 
58:137, 1936. 


obstructing metaplasia. .A.nd yet a cursory re- 
view of the literature on acute pancreatitis is 
sufficient to impress on one that there is still 
a striking lack of agreement among investigators 
concerning the cause. In order to understand 
the problem, it is necessary to assemble all the 
information available and then to weigh the inter- 
relations of these facts. 

HISTORICAL ASPECTS 

The earlier anatomists, among them Galen and 
Vesalius, gave little thought to the pancreas, 
believing that it acted as a cushion to support 
and protect the stomach and adjacent structures ; 
and it was not until 1641 that Moritz Hofltmann 
first discovered the duct of the pancreas while 
working on a rooster and showed his findings to 
Wirsung, who one year later dissected the duct 
in the pancreas of a human body, thus making 
possible a proper interpretation of its physiolog}’. 
In a letter to Jean Riolan Jr., professor of anat- 
omy in Paris, Wirsung gave the world the first 
account of his important discovery. Wirsung 
had a drainage of the duct reproduced on a copper 
plate,® from which but few copies were struck 
off. According to Choulant,^ only two copies 
are known to be preserj-ed. Schirmer ® saw 
one in the University' of Strasbourg and had a 
photolithographic reproduction of it made. 

To G. Dominici Santorini ® belongs the credit 
for the first description of the accessory pan- 
creatic duct and for the first representation ap- 

3. Wirsung, G.: Figura ductus cujusdam cum mul- 
tiplidbus suis ramulis noviter in pancreate observ, 
Padoue, 1642. 

4. Choulant, J. B. : Geschichte und Bibliographic der 
anatomische Abbildungen, Leipzig, R. Weigel, 1852. 

5. Schirmer, A. M. : Beitrag zur Gesdiichte und 
Anatomic des Pankreas, Inaug. Dissert., Basel, L Rein- 
hardt, 1893. 

6. Santorini, G. D. : .Anatomici summi septemdeiffm 
tabulae. Parmae, ex regia tj-pog., 1775, p. 150, tabulae 
XII and XIII. 
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proximating accuracy of the arrangement of the' 
ducts :in the adult human pancreas.- He cajlgd'.' 
attention to the existence of the t^vo papillae, in 
the duodenal mucosa and illustrated them in his 
published work. But it was Bidloo " who first 
noted the papilla common to both the bile and 
the pancreatic duct. In this connection, also, 
Regner de Graaf ® previouslj' had reported that, 
contrary^ to what had been the prevailing opinion, 
the pancreas might present two or -even threo'- 
ducts. 

A complete list of the workers on this par- 
ticular problem in connection with the pancreas 
is lengthy®; it includes such names as Vesling, 
Bartholinus, Swalve, Blasius, von Muralt, Henle, 
Sappey, . Charpy, Hell}', V erneuil, Hamburger, 
Huschke, Cruveilhier and Christianus Ludovicus 
Welsch. Row that the identity of the ducts 
had been established, investigators, such as Al- 
brecht von Haller, Tiedemann and Becourt, 
began to report anomalous conditions of these 
passages. Meckel’s was a significant statement “ 

7. Bidloo, G. : Anatomia humani corporis, Amstel- 
odami, vid. J. a Someren, 16S5. 

8. de Graaf, R. : Tractatus anatomico-medicus de 
succi pancreatici natura et usu, Lugd. Bat., ex off. 
Hadaana, 1671. 

9. (a) Veslingius. J. : Syntagma anatomicum,Patavii, 

t)'p. P. Franibotti, 1647. (6) Bartholinus, T. ; Anatomia, 
Dordrecht, J. Soury, 1636; .Anatomy, London, Nicholas 
Culpeper and .Abdiah Bole, 1668. (c) Swalve, B. : Pan- 
creas pancrene, .Amstelodami, E. Weyerstraten, 1667. 
(d) Blasius, G. : Zootomiae seu anatomes variorum ani- 
malium bars prima, .Amstelodami, .A. Wolfgang, 1677. 
(c) von Muralt, J. : Vade mecum anatomicum, Tiguri, 
typ. D. Gessneri, 1677. (/) Henle, F. G. J. : Handbuch 
der systematischen .Anatomic des Menschen, Braun- 
schweig, F. Vieweg u. Sohn, 1873. (g) Sappey, M. P. 
C. : Traite d’anatomie descriptive, Paris, V.-.A. Delahaye 
& Cie, 1889, vol. 4, p. 272. (/i) Charpy, A.: Varietes 

ct anomalies des canau.x pancreatiques, J. de I’anat. et 
physiol. 34:720, 1898. (i) Hell}-, K. K. : Beitrage zur 
.Anatomic des Pankreas und seiner Ausfuhrungsgange. 
.Arch. f. mikr. .Anat. 52:773, 1898; Zur Pankreas- 
entwicklung der Saugethiere, ibid. 57:271, 1900-1901 ; Zur 
Frage primaren Lagebeziehungen bei der Pankreaslagen 
des Afenschen, ibid. 66:631, 1904. (j) Hamburger, O. ; 
Zur Entwickelung der Bauchspeichel druse des ^fe^schen, 
.Anat. .Anz. 7:707, 1892. (ij Huschke, E. ; Traite de 
splenchnologie ct des organcs des sens, translated from 
the German by .A. J. L. Jourdan, Paris, J.-E. Bailliere, 
1843. (/) Cruveilhier, J. : Traite d’anatomie descrip- 

tive, ed. 4, Paris, P. .Asselin, 1861. (m) Welsch. C. L. : 
Tabulae anatomicae, Lipsiae, H. C. Croker, 1697. 

10. (a) Haller, .A. : Elementa physiologiae corporis 
humani, Berne, 1764-1766, vols. 6-8. (6) Tiedemann, F. : 
Sur les differences que le canal excriteur du pancreas 
presente dans I’homme et dans les mammifercs, J. compl. 
du diet. d. sc. med. 4:330, 1819. (c) Tiedemann, F.. and 
Gmelin, I_: Die Verdauung nach Versuchen, Leipzig, 
K. Groos, 1826. 

11. Meckel, J. F. : Handbuch der pathologischcn 
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in explanation of the causative' factors involved 
in the production of the numerous anomalous 
conditions, i. e., that atrophy of the duodenal 
end of the accessory duct was the developmental 
rule. In 1846, Qaude Bernard again revived 
interest in the accessoiy pancreatic duct, but it 
was not until 1896, when Langerhans pub- 
lished his dissertation describing its minute anat- 
omy, that a proper physiologic interpretation of. 
the pancreas was made possible. 

EMBRYOLOGY 

In order to more clearly understand the ar- 
rangement of the ducts and their accessory fea- 
tures .-in the adult, it is necessary to start at the 
veryrrbeginning, with the embryology of the or- 
gan, which has engaged the attention of many 
workers.^'* 

.The pancreas arises, as do all the- organs of 
the gastrointestinal tract, as an outpouchiiig or 
outbudding from the wall of the primitive gut, 
like a glove finger pushing out from inside the 
wall. The hollow of this bud, or finger, forms 
the final duct; the cells at the end grow and 
develop into the secreting cells of the acini. • The 
pancreas develops from the duodenum at the 
level of the hepatic diverticulum,^® from which 
the cephalic portion of the head and all the neck, 

12. Bernard, C. : Memoire sur le pancreas, Paris, 
J.-B. Bailliere, 1836. 

13. Langerhans, P. : Beitrage zur mikroskopischen 
Anatomie der Bauchspeicheldruse, Berlin, G. Lang, 1869. 

14. (a) His, W.: Anatomic menschlicher Embryonen, 

Leipzig, F. C. W. Vogel, 1885, vol. 3. (6) Phisalix, C. : 
Ftude d'un embryon humain de 10 ram.. Arch, de zool. 
exper. et gen. 6:47, 1888. (c) Zimmerman, J. : Rekon- 
structionen eines menschlichen Embrj'os von 7 mm., 
(supp.) Anat. Anz. 4:139, 1889. (d) Felix, W.: Zur 
Leber und Pancreasenhvickelung, Arch. f. AnaL u. 
Entwcklngsgesch., 1892, p. 281. (e) Janosik, J. : 

Histologic a mikroskopicka anatomie, v Praze, 
Bursik & Kohout, 1892 ; Le pancreas et la 
rate, Bibliog. anat., 1893, p. 68. (/) Jankelowitz, 

.A.: Ein junger menschlicher Embrj-o und die Entwick- 
lung des Pankreas bei demselben. Arch. f. mikr. Anat. 
46:702, 1895; Zur Entwicklung der Bauchspeicheldruse, 
Inaug. Dissert., Berlin, G. Schade, 1895. (g) Swaen. 

A.: Recherches sur le developpement du foie, du tube 
digestif, de I’arriere — cavite du peritoine et du mesentere, 

J. de I'anat. et physiol. 32:1, 1896 ; 33:32, 222 and 525, 
1897 (pi. I-II, VII and XVI-XVII). (/i) Volker, O.: 
Ueber die Verlagerung des dorsalen Pankreas beim 
Menschen, Arch. f. mikr. AnaL 62:727, 1903; Beitrage 
zur Entwickelung des Pankreas bei den Amnioten, ibid. 
59:62, 1902. (i) Kollman, J.: Handatlas der Ent- 

wickelungsgeschichte des llenschen, Jena, G. Fischer, 
1897, vol. 2. (;■) Ingalls, N. W.: Beschreibung eines 

menschlichen Embryos von 4.9 nun.. Arch. f. mikr. Anat. 
u. Entwcklngsgesch. 70:506, 1907. 

15. Thyng. F. W. : Models of the Pancreas in Em- 
bryos of the Pig, Rabbit, Cat, and Man, Am. J. Anat. 
7:489, 1908. 
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the body and the tail of the pancreas develop. 
Diverse views are still entertained concerning 
the duplicit}' of the ventral anlage, which arises 
in close proximit}’ to the common duct. Some 
maintain tliat the bud is single, while others 



Fig. 1. — Pancreas of a human embryo: A, fifth week; 
h seventh week. 


rounded b}- pancreatic tissue; pancreatic tissue 
may occur even in the wall of the duct itself. 

This relation of the exact point of origin of 
the persisting ventral bud to the common duct 
determines tlie final relation of the main pan- 
creatic duct to the common duct. If the pan- 
creatic anlage has gro^vn out from the wall of 
the common duct itself, the final pancreatic duct 
will open into the ampulla of the common duct. 
If the pancreatic anlage has grown out from 
the wall of the common duct itself, the final 
pancreatic duct will open into the ampulla of 
tlie common duct. If the pancreatic anlage has 
grown out from the wall of the gut in close 
proximitv' to the common duct, the openings of 
the two ducts will be in close proximity, yet the 


jC" 

'C- 


.c 




Fig. 2. — A, the most constant arrangement of the pancreatic ducts; B, specimen with three papillae; C, (lis- 
ted cppcimpn of an adult pancreas shoia-ing an embryonic tj-pe of duct system in which the accessory duct 
lies most of the pancreatic secretion; D, dissected specimen of an adult pancreas shoeing an unusual loop 
ifiguration of the main pancreatic duct. 


)ld that at the beginning it consists of two 
.teral halves which subsequently fuse or one 
^ f which disappears, perhaps forming the source 
■''.C if aberrant pancreatic tissue often found along 
he wall of the gut. As development progresses, 
die ducts unite, as shown in figure 1 B, the 
duct of the dorsal anlage undergoing a certain 
degree of atrophv' at its duodenal end to pro- 
A' duce the adult arrangement, shown in figure 2A. 

The close relationship between this portion of 
'jir the pancreas and tlie common duct is thereby 
)'!■ explained. Depending on the eccentricities of 
development, tlie relationship will varj" some- 
what: the common duct may be entirely sur- 


pancreatic duct may really open into the intes- 
tine and not into the ampulla at all. 

The facts seem to be these; Both buds de- 
velop by growth in continuitj', the dorsal bud 
giving origin to all of the gland except that por- 
tion of the head in close proximity to the com- 
mon duct and the intestinal wall. The persisting 
ventral bud grows out but a little way and then 
fuses ■with the dorsal bud, giving origin to but 
a small part of the glandular tissue of the caudal 
part of the head of the pancreas. In the majority 
of cases the duct s}'stem of this ventral anlage 
becomes the more important duct system from 
the point of fusion of the two anlages to the 
wall of the gut (fig. IS). 
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Probably no other region of the body, either 
in like or in different species, presents more 
variations than are found in the relation of the 
component parts of the biliary tract to one 
another,’^® to the pancreatic duct^" and to the 
pancreas and in the relation of all to the duo- 
denum,^® aU of which depend on the relation of 
the original ventral anlage to the common duct 
and to the intestinal wall. 

ETIOLOGY OF PANCREATITIS 

The possibility that gallstones lodged in the 
ampulla of Vater could cause disease of the pan- 
creas b}' obstructing the main pancreatic duct 
was first suggested by Lancereaux,^® who fur- 
ther mentioned that “a gallstone lodged in the 
common duct at the level of the diverticulum of 
Vater may occlude the pancreatic duct and pro- 
duce conditions favorable to the penetration of 
micro-organisms into the pancreas.” It was 
K6rte,®° when writing on the surgery of the 
pancreas in 1898, who first noted that diseases 
of the biliarj' passages, especially cholelithiasis, 
are frequently associated with lesions of the pan- 
creas, and he thought that it was probable that 
inflammation could extend down the bile duct 
and enter the pancreas. Oser®' expressed the 
opinion that catarrhal inflammation might extend 
from the bile passages to the pancreatic duct, 
producing obstruction to the pancreatic secre- 
tions, with resulting pancreatitis. He further 
noticed that a calculus lodged in the common 
duct might partially occlude the adjacent pan- 
creatic duct, producing the same consequences. 
Ebstein,®® elaborating still further, stated that 
a biliar)’ or pancreatic calculus lodged near the 
orifice of either duct might occlude both, since 

16. Mann, F. C. ; Brimhall, S. D., and Foster, J. P. : 
The Extrahepatic Biliarj- Tract in Common Domestic 
and Laboratorj- Animals, Anat. Rec. 18:47, 1920. 

17. Mann, F. C. ; Foster, J. P., and Brimhall, S. D.: 
The Relation of the Common Bile Duct to the Pancreatic 
Duct in Common Domestic and Laboratory Animals, 
J. Lab. & Qin. Med. 5:203 (Jan.) 1920. 

18. (a) Letulle, M., and Nattan-Larrier : Region 

\-aterienne du duodenum et ampoule of Vater, Bull, Soc. 
anat. de Paris 12:491, 1898. (b) s-an Ealen Blanken, 

G. C. ; Bijdrage tot de kennis der anatomic -can pancreas 
en lymphaatstclsel der primaten, Amsterdam, X. V. 
Drukkerij “de Xieuwe Tijd,” 1912. 

19. Lanccreaux, E: Traite des maladies <lu foie et 
du pancreas, Paris, O. Doin, 1899. 

20. Korte, tV. : Die chirurgischen Krankheiten und 
die Verletzungen des Pancreas, Stuttgart, F. Enke, 1899. 

21. Oser, L.; Die Erkrankungen des Pankreas. in 
Xothnagcl, C. W. H. : Specielle Pathologic und Ther- 
apie, V'ienna, A. Holder, 1898, vol. 17, pt. 2, p. 286. 

22. Elistein, \V. ; Diabetes Mellitus, Unterleibskoliken 
ur.d Oedeme in ihren Wechselbcziehungen. Ztschr. f. klin, 
Med. 40:191, 1900. 


the common duct and the pancreatic duct ent 
the intestine contiguously, at least in sor, 
instances. 

Since Balser®® in 1882 first accurately d 
scribed disseminated fat necrosis, the most e 
tensive investigations have been carried out tril 
regard to the cause of pancreatitis. Thus fa 
four main possibilities have been evolved; l.f 
calculus may block the duodenal orifice of th 
ampulla, so that the common bile and pancreati 
duct form a communicating system, allowing bik 
to flow up the pancreatic duct and infiltrate th 
pancreas. 2. The sphincter at the duodena! enc 
may become spastic and produce the same con- 
dition. 3. The pancreas may be infected by 
bacteria reaching it by way of the lymph chan- 
nels from a diseased gallbladder or from a more 
distant focus of infection by way of the blood 
stream. 4. Lastly, any obstruction of the pan- 
creatic duct which is complete enough to cause 
sufficient back pressure of the pancreatic secre- 
tions may result in dilatation of the ducts and 
rupture of the acini, thereby releasing the pan- 
creatic ferments with resulting hemorrhage, fat 
necrosis and so forth, whether the obstructing 
factor be metaplasia of the epithelium of the 
pancreatic duct or its branches, a pancreatic 
calculus pressing on the pancreatic duct from the 
adjacent common duct, a calculus impacted at 
the ampulla or, finally, a carcinoma involving 
the head of the pancreas. 

The theory which possibly boasts the greatest 
number of adherents depends on the existence 
of an anatomic arrangement of the duodenal 
orifices of the common bile duct and the pan- 
creatic duct of such a nature that the impaction 
of a gallstone in the ampulla of Vater will direct 
the flow of bile from the bile duct into the pan- 
creatic duct. Since cholecystitis and acute and 
chronic pancreatitis coexist in a large percentage 
of cases,® the relationship of the common duct 
to the pancreatic duct has assumed increased 
importance. The first thing to be determined 
in the solution of this problem is the approximate 
percentage of persons in whom the main pan- 
creatic duct and the common bile duct communi- 
cate with the duodenum by a common ampulla- 

In order to verify the reported discrepancies 
concerning the relation of the pancreatic duct to 
the common duct, 250 human specimens were 
carefully dissected, special attention being paid 
in each to the terminal ends of the ducts. 

The anatomy of the extrahepatic biliary sy=' 
tem shows a great variety of arrangement of its 

23. Balser, \V.; Ueber Fettnekrosc, einc zuwdlw 
todtliche Krankheit des Mcnschen, Vircho-A-s Arch, i- 
path. .Anat. 90:520, 1882. 
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)nent parts; in like manner, a comparison 
relationship between the bile duct and the 
eatic duct reveals great variability. Fur- 
ore, the method by which the bile duct and 
eatic ducts enter the duodenum is exceed- 
\'ariable. not only in closely related species 
1 individuals of the same species. Prac- 
• all textbooks of anatomy -* describe these 
lucts as usuallj- uniting to form a common 
lel at their duodenal extremities. 

M.^TERI.^L 

material in this study consisted of both fresh and 
dult human pancreases obtained from the autopsies 
department of pathologj- and fixed specimens from 
epartment and also from specimens used in the 
a dissecting courses in the department of anatomy 
lus Hopkins School of Medicine. The pancreases 
from 150 men and 100 women ranging in age 
19 to 83 years. Death in no instance was caused 
'athologic process localized in either the duodeninn 
: pancreas. 

; entire work on the accessorj- pancreatic duct was 
d out on 100 fresh autops 3 ’ specimens, because dis- 
.1 of the duct after fixation was often difBcult and 
times the patencj’ of the duct could not be accu- 
determined. The work on the main pancreatic 
ind the common bile duct was carried out on 250 
nens, 100 of which were fresh and the remainder 
lich were fixed, because of the difficulty encoim- 
in preserving the delicate membranous septum 
"i often separates the duct of Wirsung from the 
ion bile duct.== 

METHODS 

e main pancreatic duct was first located by gross 
:tion in the middle of the neck of the gland, where 
>ancreatic tissue overlies the superior mesenteric 
' Is. Here the duct comes wthin 2 to 3 mm. of the 
ce and can readily be followed in either direction, 
e accessoo' duct was most quickl 3 ' found 83 - follow- 
he main pancreatic duct along its ventral surface 
rd the duodenum. In these anomalous instances in 
h the duct could not be found b 3 ' this method or 
■ hich there was no apparent communication between 
. lucts, the second part of the duodenum was opened 
g its right free border and the position of the minor 
lla ascertained. Then, this being used as a guide, 
iccessory duct was sought for in the glandular tissue 
, lalad to the level of the papilla. In those instances 
rhich no commimication between the main and the 
ssor 3 ’ duct could be demonstrated even after pains- 

1. Gray, H. : Anatom 3 - of the Human Bod 3 -, edited 
W. H. Lewis, ed. 22, Philadelphia, Lea & Febiger, 
0, p. 1191. Morris, H. : Morris’ Human Anatom 3 ', 
.ed by C. M. Jackson, ed. 9, Philadelphia, P. Blakis- - 
's Son & Co., 1933, p. 1287. Cunningham, D. J.: 
aningham’s Textbook of Anatomy, edited by A. 
binson, ed. 5, New York, William Wood &: Compan 3 ', 
3, p. 1194. Piersol, G.- M. : Human Anatomy, 
ted 83 - G. C Huber, ed. 9, Philadelphia, J. B. Lippin- 
t Compan 3 -, 1930, p. 1737. 

13. Abebeny Oneto, A.: Anatomia del duodeno y 
acreas, Semana med. 27:393, 1920. 


taking dissection, the patency of the accessory 'duct and 
the minor papilla was established by inserting a small 
needle into the main duct and injecting air imder 
minimal pressure while the entire specimen was sub- 
merged in water. If no bubbles emerged from the minor 
papilla, a h 3 ’podermic needle was inserted into the acces- 
sor 3 ' duct to establish the patency of its duodenal end. 
Minimal pressure was used in order to avoid bursting 
of any natural barrier which might have been present 
at the blind duodenal end of the accessory duct. 

If then no communication could be established, the 
main duct was injected with meth 3 -Ithionine chloride or 
eosin after the accessory duct had been ligated where 
the h 3 'podermic needle had been inserted to test the 
patenc 3 - of its duodenal end. Regurgitation of the dye 
evidenced the presence of a communication between the 
ducts. 

The relation of the main pancreatic duct to the ter- 
minal part of the common duct was ascertained 83 - 
incising the common duct near the entrance of the 
cystic duct and then opening it to its termination. 
Likewise, the pancreatic duct was followed from its 
communication with the accessory duct to its duodenal 
end, to ascertain what part, if an 3 ', it played in the 
formation of an ampulla. Careful measurements of the 
distance of the opening from the duodenal end of the bile 
duct were made with cah'per points and recorded. 

No attention was given to a study of the intestinal 
valves. The duodenum was opened along its right free 
border, and the major and im'nor papillae were identified 
in all specimens. Locating the major papilla presented 
no difficulty; the same, however, was not true of the 
minor papilla. Man 3 ' times only after the most careful 
search could the minor papilla be found. 

THE MAIN PAXCRE.ATIC DUCT 

The main pancreatic duct begins in the tail 
of the gland through the convergence of several 
small duct radicles and pursues a more or less 
tortuous course through the body of the gland, 
approximating the dorsal and cephalic portions 
of the gland. In the head, however, the duct 
inclines caudally and dorsaUy, forming a wide 
arc with its convexity to the right, as it ap- 
proaches the dorsal surface of the head of the 
gland. Reaching the level of the terminal part 
of the common duct, it runs horizontally to join 
with the caudal aspect of the common bile duct 
to form the major duodenal papilla. 

In the 100 specimens studied for this purpose 
the tributaries of the main pancreatic duct in 
the body of the gland were observed to join the 
duct almost invariably at right angles and also 
to alternate with tributaries of the opposite side 
in the level at which they joined the duct (fig. 

2 A). The same arrangement was also present 
in the radicles of these tributaries, except in 
the head of the gland, in which this conformity 
was frequentlj' departed from, both as to the 
position of the tributaries and as to their angle 
of jimction. In 61 instances there was found 
a moderately large unpaired trunk, as shown 
in figure 2 A, which drained the small lobe of 
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pancreatic tissue overhang the mesenteric vessels, 
described in 1732 by Winslow and later called to 
attention by Charpy. In 1 instance this trunk 
was found to communicate directl}' with the 
duodenum through a third papilla, draining the 
lobe of Winslow and the entire caudal part of 
the head of the gland, as shown in figure 2B. 

The main duct was found to drain the entire 
tail, body and neck and in 61 instances the dorsal 
half of the head and the caudal part of the ven- 
tral half as well, restricting the accessor}' duct 
to the draining of only that part of the head 
in the immediate proximit}' of the minor papiDa. 
In 7 instances the accessory duct drained the 
entire cephalic half of the head, and in 4 instances 
the main duct was restricted to draining the 
dorsal and the caudal part of the head, the em- 
br}'onic arrangement of the ducts, as represented 
in figure 2 C. 

In 2 instances another rather unusual arrange- 
ment of the ducts was found, similar to that in 
the 3 specimens found by Baldwin and repre- 
sented in figure 2 D. In these instances the main 
duct formed a complete loop before joining the 
common duct. The accessory duct occupied its 
usual position and joined the main duct before 
the beginning of the loop. In no instance was 
the main duct duplicated in the body of the 
pancreas, as described by Bemard,'= or the spiral 
disposition of the pancreatic duct, described by 
Hyrtl -■ in his “Die Corrosions-Anatomie und 
ihre Ergebnisse.” 

THE ACCESSORY PAXCREATIC DUCT 

The accessory duct was present in all 100 
specimens dissected for this purpose. In only 
89 instances could a communication be found 
between the ducts after air, dyes or both had 
been injected and followed b}’ minute dissections. 

From the figures in table 1, the main and 
the accessor}’ duct are shown to commimicate 
within the gland in about 85 per cent of the 
specimens. Invariably the accessory duct lay 
on a plane ventral to that of the main duct and 
communicated with it in the head near the neck 
of the gland. In 51 instances the accessor}' duct 
described two curves as it proceeded toward 
the duodenum. The first, at the duct end, had 

26. Baldwin, W. M. : The Pancreatic Ducts in Ifan. 
Together with a Study of the Jficroscopical Structure 
o{ the Minor Duodenal Papilla, Anal. Rec. 5:197, 1911 ; 
The Ductus Pancrcaticus Accessorius in Man, ibid. 1 : 
0'>. 1907. 

27. Hyrtl, J. : Die Corrosions-.-\natoniie und ihre 
Er.cebnisse. Vienna, M'. Brauntuller, 1873; Handbueb 
der _ topo^raphischen .•\natomie und ihrer praktiscli 
n'ed:rTn!*chchirursisc.hen .•tnwcndu.-.gcn, ibid., 1865. 


its concavity cephalad, while the shorter one, at 
the duodenal end, had its concavity caudad, as 
shown in figure 2 A. In 6 instances these curva- 
tures were reversed, and in 24 instances the 
duct formed a n'ide curve, at times descending 
caudal to the main duct. In no instance, how- 
ever, was it ever found rvholly caudal to the 
main duct. In 4 instances the embryonic ar- 
rangement of the ducts was found, i. e., the 
accessory' duct was larger than the main duct and 
drained the entire cephalic half of the head, 
together with the neck, the body and the tail, 
while the main duct was limited entirely to the 

Table 1. — Iiitcrglaiidular Comviunicaiion of the Pan- 
creatic Ducts 



Junction 

Xo Junction 

Opie. 



20 

I>uraJ 


2 

Hclly 

4S 


Charpy 



Schinner 

C5 

34 

Vemeull 

20 

0 

Baldirin.. 

CC 

10 

KienhoA and Pjckrel) 

80 

11 


m 

TO 

Percent 


15 


caudal part of the head, as shown in figure 2 C. 
Regardless of the curvature followed or the ar- 
rangement of the ducts, in 67 instances the 
accessory duct was restricted to the ventral and 
cephalic portion of the head. This finding is 
in accord ivith those of the work of Charpy ^ 
and also the later work of Baldwin,-® who found 
that the accessory duct was restricted to the 
cephalic and ventral aspect in 45 of 66 specimens. 
Opie, however, stated the belief that the acces- 
sory duct drained the “anterior and lower part 
of the head.” And it is a curious fact, in spile 
of the evidence to the contrary, that most 
books and atlases of anatomy illustrate the caudal 
part being drained by the accessory’ duct. 

If one excludes the 11 instances in which no 
communication could be found between the mam 
and the accessory duct and the 4 instances m 
which the duct system was reversed, the acces- 
sory' duct being larger than the main duct ni 
which naturally the accessory duct approached 
the duodenum with augmenting caliber— there 
are 73 of 85 specimens, about 86 per cent, ni 
which there was a normal duct arrangement an 
the duct approached the duodenum with dimin- 
ishing caliber. These facts are in accord witii 
Meckel’s hypothesis » that the pancreatic duct.- 
in the fetus are of equal caliber but that as de- 
velopment progresses the accessory duct^ atro- 
phies somewhat at its duodenal end. This fact 
was also noted by Bernard and verified b_. 
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chiefter"® on human fetuses and still later by 
’■aldwin,-® who made microscopic preparations 
of tlie terminal part of the accessory duct and the 
uiinor papilla. 

The average diameter of the undistended duct 
in the 85 specimens with a normal duct arrange- 
ment at its point of perforation of the duodenal 
wall was 1.6 mm. The size of tlie duct, how- 
ever, was no criterion of its patency, for only 
62, about 73 per cent, were found to be patent 
by use of the injection method, whereby either 
air or dyes or both were injected under minimal 
pressure in order to avoid breaking through any 
natural barrier which might have been present. 
This gives, then, 23 specimens, about 27 per cent, 
which did not communicate with the duodenum. 
This is considerably higher than Helly’s 20 per 
cent"* and Baldwin’s 10 per cent of 50 speci- 
mens,-® in both groups of which tlie terminal 
part of the accessory duct was examined micro- 
scopicalh’. These results, however, are in accord 
with those obtained bj' use of the injection tech- 
nic (see table 2). 

Table 2. — Paicney of the Accessory Duct 


Injection Method 


• 

Patent 

Closed 



19 


9 

21 



21 


20 

0 


16 

1 



23 





271 

85 

Percent 


21 


In the 4 instances in which the duct system 
was reversed and the 11 instances in which 
no intraglandular communication of the ducts 
could be demonstrated, the accessorj" duct ap- 
proached the duodenum with increasing caliber 
and with a patent papilla, leaving 23 per cent 
of all specimens in which the papilla was closed, 
regardless of the duct arrangement. Of practical 
interest, however, is the fact that in 11 per cent 
the ducts did not communicate and in 23 per cent 
the papilla was closed, making a total of 34 per 
cent in which fluid could not pass from the main 
duct to the duodenum by way of the accessorj- 
duct. 

Complete absence of the accessor}^ duct seems 
to be a rare anomal}-, since it occurs in less than 
_1 per cent of specimens examined (table 3). In- 
version of the ducts occurs in about 7 per cent 
(table 4). 

28. Schieffer, J. : Du pancreas dans la serie animale. 
Thesis, Montpellier, 1884. 


REL.\TIOX OF THE .AMPULLA OF VATER 
TO P.AXCREATITIS 

Becourt,-® Bernard ' and Laguesse each 
mentioned 1 specimen in which the main pan- 
creatic duct opened into the duodenum apart 
from the orifice of the bile duct. Schirmer ® 
found 22 specimens, about '47 per cent, among 
47 investigated in which a mucosal septum sepa- 
rated the orifice in such a manner that a true 
ampulla did not exist. Practically all textbooks 
of anatomy -* describe the ducts as usually unit- 
ing to form a common channel at their duodenal 
extremities. Sappey®^ stated that this arrange- 
ment is the one which is observ'ed in the great 


Table 3. — The Accessory Duct 


Schirmer 

Present 

101 

Absent 

Chnrp 7 

29 

1 

Hellr 

50 

0 

Vemeuil 

20 

0 

Santorini 

? 

0 

Bernard 

0 

0 

Hamburger 


0 

Sappey 

17 

0 

Opie 

ICO 

0 

Baldwin 

76 

0 

RIenhoff and Pickrell 

100 

0 

Total 

543 

■i 

Per cent 


0.737 


T.able 4. — Inversion 

of Ducts 



Sncefmpns 

Inversion 


Examined 

of I>acts 

Schirmer 

IW 

4 

Cbarpy 

SO 

3 





? 


Opic 

ICO 

U 

Bimar. 

? 

1 

iloyse 

9 

1 


76 



ICO 


Total 

410 

29 

Per cent 


6.61 


majoritj- of cases. One of few exceptions to 
this -view is found in the frequently cited work 
of Letulle and Nattan-Larrier,^®* who found that 
a common channel occurred in only 8, about 
38 per cent, of 21 specimens. 

Schirmer ® mentioned 1 1 specimens in his 
series of 47 in which the pancreatic duct opened 
into the bile duct and 14 specimens in the same 
series in which the bile duct opened into the 
pancreatic duct. Vemeuil®*^ seemed to believe 

29. Becourt, P. J. G. : Recherches sur le pancreas, 
Strasbourgh, F. G. Levrault, 1830. 

30. Laguesse, E. : Sur I’existence de nouveaux bour- 
geons pancreatiques accessoires tardifs, CoinpL rend. 
Soc. de biol. 2:602, 1895. 

31. Vemeuil, A.: Memoire sur quelques points de 
I’anatoraie du pancreas, Gaz. med. de Paris 6:384 and 
398, 1851 : reprint ed., Paris, E. Thunot Sc Cie, 1851. 
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that usually the pancreatic duct received the bile 
duct and that, accordingly, the ampulla of the 
papilla belonged to the pancreatic duct. Ap- 
parently Opie was of the same opinion, for he 
wrote the following comment concerning the 
examination of his 100 specimens: “The com- 
mon bile duct alwa 3 's joined the duct of Wir- 
sung.” 

Occasional!}' the pancreatic duct is totally ab- 
sent. Helly,°' Charpy®*‘ and Cruveilhier each 
mentioned 1 such instance, while Schirmer ® 
mentioned 4. Baldwin found 1 specimen in 
which the main duct was occluded at its duodenal 
end. And occasionally the common bile duct 
opens into the duodenum in company with the 
accessory duct. Schirmer ® mentioned 5 such 
instances. 

Through the pioneer work of Opie and many 
subsequent investigators, sufficient reliable evi- 
dence has been accumulated to warrant one in 
suspecting that a reflux of bile up the main 
pancreatic duct or the anatomic condition which 
would permit the conversion of the bile duct 
and pancreatic duct into a communicating sys- 
tem after the impaction of a calculus in the 
terminal part of the common duct or the ampulla 
of Vater is the cause of acute hemorrhagic pan- 
creatitis in at least some of the reported cases. 

Opie,®® after examining 100 specimens, found 
an ampulla in each of 38 specimens, whose mea- 
surements varied from “less than 1 mm. to 
11 mm.” In only 30 specimens did this mea- 
surement equal or exceed 5 mm. It is a question 
whether a common channel should be considered 
present if the system of the two ducts extends 
within less than 2 mm. of the summit of the 
papilla. 

Opie ®‘ pointed out that the presence of a 
common channel does not necessarily mean that 
the common duct and the pancreatic duct can 
be converted into a freely communicating S 3 'S- 
tem by an impacted biliar}' calculus. He stated 
that in order for this to take place “it is neces- 
sary that the diverticulum of Vater be capacious, 
with a length at least greater than the length 
of its duodenal orifice.” And he found that in 
21 of his 100 specimens the diameter of the 
orifice was equal to or greater than the length 
of the diverticulum. He concluded, therefore, 
that in these 21 specimens it was imptossible that 
a calculus, if it were assumed to be approxi- 
matelv spherical and lodged in the orifice, could 

32. Opie, E. I- : The .Anatomy of the Pancreas, 
Eell. Johns Hopkins Hosp. 14:230, 1903. 

33. Opie, E. L. : The Etiolosj- of .Acute Hemorrhacjic 
Pancreatitis, EuII. Johns Hopkins Hosp. 12:182, 1901. 

3-t. Opie, E. I-.: Diseases of the Pa-ncreas, ed, 2, 
PhSadelr^iia, J. E. I.ippincott Company, 1910, p. 15. 


onl}' partiall}' occlude the cavit}'. He liketvis 
asserted that ligation of both pancreatic duct 
would cause hemorrhagic pancreatitis, and h 
reported a case in which calculi in the commo: 
duct near the ampulla caused obstruction, whil 
bile had not entered the main pancreatic duct ar. 
the duct was not dilated. He collected report 
of 7 similar cases from the literature and con 
eluded, “The lodgment of a stone near the orific 
of the common bile duct, where it ma}' at th 
same time compress or occlude the pancreati 
duct, is not uncommon!}' the cause of pancreati 
lesions and disseminated fat necrosis.” ^Mo}™ 
han expressed the same opinion, for he wrote 

The actual size of the diverticulum and of its openin: 
on the surface of the duodenum are of great importanc 
from a surgical standpoint, for if the diameter of th 
opening, for example, be 3 mm., and a calculus A mu 
in diameter reaches the ampulla from the common duel 
it may block the duodenal orifice, being unable to pasi 
and will, therefore, convert the common bile duct am 
pancreatic duct into a common closed channel. 


B}' careful!}' measuring the ampulla, Opie wa 
the first to attempt a solution of this questior 
and since then the most extensive investigation 
have been carried out with regard to the caus 
of pancreatitis, most of which have been base 
on Opie’s work or methods of investigation. 

More recently, Ruge,®® Baldwin,®' Belou.- 
Sweet,®® Judd," Mann and Giordano ani 
Cameron and Noble *- have investigated thi 
question, mainly from an anatomic point of view 
while Dragstedt '® and Rich and Duff ■ bav 
investigated it mainly from the pathogenic aspect 
Ruge found a common channel in 32, abou 
75 per cent, of 43 cadavers e.xamined. Baldwin 
in a study of the anatomy of the pancreas, founi 


35. Opie, E. L.: The Relation of Cholelithiasis tc 
isease of the Pancreas and to Fat Necrosis, Am. J. 

u 121:27, 1901. , • c 

36. Hosmihan, B. G. A.: Gallstones and Their Sur- 
al Treatment, Philadelphia, W. B. Saunders & Co. 

^7. Ruge, E.; Beitrage zur chirar^Aen Aratomu 
r grossen Gallenwege, Arch. l. klin. Chir. 87. • . " 

38. Belou, P.: Anatomia dc los conductos biliarc^ 
de la arteria cistica, Buenos .Aires, Imp. ‘Oceana. 

39. Sweet, J. E.: Surgery of the Pancreas, Internal 
in. 4:293, 1915. 

40. Judd, E. S.: Relation of the Liver and th 
ancreas to Infection of the Gallbladder, j. * ■ - 
':197 (July 16) 1921. 

41. Mann, F. C, and Giordano, A. S.: T"' ' 

ictor in Pancreatitis, Arch. Surg. 6:1 (Jan.) — • 

42. Cameron. A. E-, and Noble, J. F.. Ko '*^,2 
le up the Duct of Wirsung Caused by 

iliarj- Calculus, J. A. if. A. 82:1410 fNay 3} - • 

43. Dragstedt, L R.; Haymond. H. E., ar.d Elii- 

C. : Pathogenesis of Acute Pancreatitis f.AWie a. 

... .... f to.-tf) /-rr.), 1 19.34. 
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lat in 20 of 90, 22 per cent, specimens, tlie 
nipulla of Vater was absent and the ducts sepa- 
ated by a distinct septum. In 13 per cent, the 
istance from the orifice of the ampulla to the 
eptuni was 2 mm., and in 1 specimen the duct 
I'AVirsung was reduced to a fibrous cord. No 
etailed measurements of the remaining speci- 
nens were given, except that the average dis- 
ance from the apex of the ampulla to the septum 
ras 4.S mm. 

Belou, while making a special study of the 
nliara- tract, investigated the relation of the duct 
af Wirsung to the common bile duct in 50 speci- 
nens and found that in 54 per cent the two 
apened into the duodenum, either separately or 
It the apex of the ampulla of Vater ; in 30 per 
:ent the duct of Wirsung opened from 1 to 2 mm. 
from the apex, while for the remaining 26 per 
cent measurements were lacking. 

In Osier’s series ** of 100 sjaecimens, in only 
32 was the diverticulum of A'’ater of such size 
that a small calculus might occlude the orifice 
without completely filling it and obstructing one 
or both ducts entering it. Judd studied 170 
necropsy specimens for the purpose of determin- 
ing the percentage of instances in which the 
anatomic arrangement was such tliat it would be 
possible to convert the two ducts into one con- 
tinuous passageway. This was a possibility in 
only 4.5 per cent. He concluded that only 
very exceptional!}' is there an anatomic arrange- 
ment whereby tlie ducts can be converted either 
by a stone or by the action of a sphincter, into 
a continuous passageway permitting bile to flow 
from the common duct into the pancreatic duct. 

Mann and Giordano examined formalde- 
hyde-fixed specimens obtained from 200 consecu- 
tive autopsies. Their technic consisted in simple 
dissection and measurement of the diameter of 
the ampulla and its duodenal orifice. In 90 
specimens, 45 per cent, the ducts were contiguous 
and opened from 1 to 2 mm. from the apex of 
the papilla. In 28 specimens, 14 per cent, the 
length of the ampulla was 3 mm., while in only 
7 specimens, 3.5 per cent, did it equal or exceed 

5 mm. Since the average diameter of the am- 
pulla was 2.5 to 3.5 mm. the)'- reasoned that the 
common bile duct and the pancreatic duct could 
be converted into a continuous channel only by 
a blockage of the exit in the specimens in which 
the length of the ampulla was greater than the 
diameter of its duodenal orifice, i. e., in 7 in- 
stances, or 3.5 per cent. They called attention 
to the fact, previously noted, that the dimen- 
sions of the ampulla and the ducts entering it are 

•14. Osier, W. : Modern Medicine, Philadelphia, Lea 

6 Febiger, 1908, vol. 5, p. 637. 


often such that a calculus which would become 
impacted would obstruct both ducts and would 
not convert them into a continuous channel. 

Cameroi: and Noble resorted to another 
method of investigation, which consisted in arti- 
ficially impacting a carefully selected biliary cal- 
culus in the ampulla of Vater of a necropsy 
specimen by stripping it down the common duct 
and then determining whether a reflux occurred 
by forcing water or bile down the common duct 
under a pressure of 100 mm. or less and observ- 
ing whether it escaped by way of the duct of 
Wirsung. To insure that the calculus was firmly 
lodged in the ampulla, a pressure of 1,800 mm. 
of water was brought to bear on the system. 
Irregular calculi were used most often, and not 
infrequently a part of the calculus protruded 
into the duodenum. Casts of these si>ecimens in 
which a reflux occurred were obtained by pour- 
ing Wood’s metal at 180 C. into the common 
duct, which ran up the duct of Wirsung and 
hardened immediately. When the cast was ex- 
posed, the points between which to measure were 
usually well defined. 

After 100 specimens had been examined, an 
ampulla was found in 74 instances. In 8 of these, 
the size of the duodenal orifice was so great 
and the length of the ampulla so short that it 
was impossible to convert the two ducts into a 
common system by means of an impacted cal- 
culus. In the remaining 66, this was possible. 
They concluded, therefore, that in 66 per cent 
of 100 specimens it was anatomically possible 
for the common duct and the pancreatic duct to 
be converted into a single communicating sys- 
tem by an impacted biliarj-- calculus. This figure 
contrasts sharply with Judd’s 4.5 per cent in 
170 specimens and Mann and Giordan’s 3.5 per 
cent in 200 specimens. 

STUDIES ox THE AMPULE.-^ OF VATER 

The foregoing review affords evidence that 
a considerable difference exists between the re- 
sults of various obser^-ers. Because a more de- 
tailed study of the exact length of the ampulla 
of Vater is necessar)-, especially with reference 
to the percentage frequency of its ^'ariat^ons, and 
in order to verify the reported discrepancies con- 
cerning the relation of the main pancreatic duct 
and the common bile duct, this study was under- 
taken. 

The specimens consisted of 250 adult human pancreases 
obtained from both men and women ranging in age 
from 19 years to S3 years. Death in no instance was 
due to a pathologic process localized either in the i)an- 
creas or in the duodenum. Dissection was carried out 
in the fresh in 100 of the specimens, as previously out- 
lined. and careful measurements were recorded with 
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caliper points of the distance from the pancreatic duct, 
the dividing septum, to the apex of the papilla. These 
specimens were soon fixed in 4 per cent solution of 
formaldehc-de in order to preserve the delicate mem- 
branous septum which often separates the duct of 
Wirsung from the terminal part of the common duct 
The shrinkage caused by fixation falls within the limits 
of error, since sharpb- defined points between which to 
measure are not constant This is particularly true when 
one is dealing rvith an obliquely placed, slitlike duodenal 
orifice in which there is a difference of 1 mm. or more 
between the short and the long diameter as measured 
from the margin of the orifice. In these instances, the 
long diameter was recorded. The average diameter of 
the papilla in 250 specimens was found to be 3 mm., 
with limits of l.S mm. and 4.5 mm. 

These observations are recorded in table 5 and 
compared with those of IMann and Diordano and 


Cameron and Noble. In 73 of 250 spedmen;. 
about 29 per cent, there could be found no junc- 
tion of the pancreatic and tlie bile duct, each 
entering the duodenum contiguoush- or at sepa- 
rate points, as shown in figure 3 A. In 92 speci- 
mens, 37 per cent, the ttvo ducts were con- 
tiguous, the dividing septum terminating 1 to 
2 mm. from the apex, forming a common orifice 
for the bile and pancreatic duct, as shown in 
figure 3B. In this group a true ampulla was 
not considered present, since it is a question 
whether a common channel should be considered 
present in specimens in which the septum of the 
nvo ducts extends within 2 mm. of the summit 
of the p'apilla. In 81 instances, 32 per cent, 
the ducts emptied into a common ampulla from 


T.«.ei.e 5. — Relation of the Main Pancreatic Duct to the Common Bile Duct 


Specimens Distance from Apex of Ampulla to Diridfng’ Septum, Mm. 


Location of Opening of r 


Author 

Group 

Pancreatic Duct Xumber 

Per Cent 

3 4 

ilann and 

1 

Separate]}’ Into duodenum 

62 

21 




Giorpano 


2 mm. from apex of ampulla 

90 

45 


1 



3 

3 to 10 mm. from apex 

40 

20 


t 

2S 5 


4 

Duct absent or cloftd 

6 

4 






Total 

200 

100 

J 


Cameron and 

1 

Separately into duodenum 

26 

26 




XobJe 

<» 

2 mm. from apex of ampulla 

12 

12 





o 

w 

5 to 13 mm. from apex 

45 

45 



. 


4 

Xo data 

14 

14 






Total 

lOO 

100 

j 



HienbofT and 

1 

S<parfllelr into doodenum 

73 

29 


1 


Piekrell 

2 

3 mm. from 8pe.x of ampulla 

92 

37 





3 

3 to 14 mm. from apex 

SI 

32 



04 17 


4 

Duct absent or closed 

4 

o 






Total 

250 

KO 

j 

t 



C 7 S 9 10 11 J3 2{ 

0 1 2 0 1-f 


12 13 6 2 3 2 1 1 


S 3 3 1 0 2 1 0 2 



3 to 14 mm. from the apex of the duodenal ori- 
fice (fig. 3 C). In 4 of these specimens the 
length of the diverticulum e.xceeded 10 mm., as 
shown in figure 3 Z?. In 4 instances the pan- 
creatic duct 'was reduced almost to a fibrous cord 
and doubtless had little if any function during 
life, while the accessory duct drained the entire 
gland. 

If one subscribes to the same reasoning as out- 
lined by Opie and employed b}’ Mann and Gior- 
dano, the common duct and the pancreatic duct 
could be converted into a communicating system 
by a blockage of the e.xit of the ampulla only in 
group 3. in which the ducts communicated b} 
a definite diverticulum, and in this group the 
process could be brought about only in the speci- 
mens in which the pancreatic duct empties into 
the ampulla at a greater distance from the c.xi. 
than the diameter of the common opening. The 
average diameter of the ampulla was found to 
be 3 mm. Of the 32 per cent of tlie specimen^ 
in which an ampulla was present, in 34 speci- 
mens, 14 per cent, the opening oi the pancreatic 
duct ^v.as 3 mm. from the apex o* the pnpiha. 
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I ■ the majority of instances, then, a calculus must 
be 4 mm. in diameter before it can cause obstruc- 
tion, if one assumes that it is approximately 
spherical. This, however, seems the exception 
rather than the rule, since irregularly shaped 
calculi are encountered more frequently tlian 
spherical ones. This leaves, then, 47 specimens, 
about IS per cent, in which tlie length of the 
ampulla exceeded the average diameter of the 
duodenal orifice and in which a complete block 
at the papilla by an impacted calculus would con- 
vert the ducts into a communicating system. 
This reasoning, however, is open to several 
serious objections. In the first place, conclu- 
sions formulated from measurements taken be- 
tween poorly defined points, of differences of 
1 mm. or less, seem decidedly inaccurate, since 
average measurements may never actually occur 
in a single instance. Tn the second place, the 
obstructing calculus was spherical, when irreg- 
ularly shaped calculi are encountered more fre- 
quently, and, as suggested by Cameron and 
Noble,^= a considerable part of an irregularly 
shaped calculus may project through the orifice 
of tlie ampulla into the duodenum, while its 
length may exceed that of tlie ampulla, and yet 
a reflux would be possible. It is true, also, that 
the greatest diameter of an impacted calculus 
may equal the long diameter of the ampulla in 
which it is wholly contained, with a communi- 
cation existing between the ducts owing to the 
failure of the irregularly shaped calculus to com- 
pletely fill the ampulla, which itself may be 
dilated. 

Although it is a matter of definition as to 
whether an ampulla actually exists in those in- 
stances in which the septum extends within 
2 mm. of the apex of the papilla, in table 6, in 

Table 6. — The Ampulla of I'atcr 

Ducts Join to Specimens 

Fonn Ampulla No Junction Examined 

? 1 ? 

? 1 T 

? 1 ? 

25 22 47 

S 13 21 

50 11 100 

32 11 43 

34 90 

S 42 50 

40 ICO 200 

74 20 100 

51 160 250 


Total 412 421 901 

Percent 4G 53 


Becourt 

Bemarf 

Lagucsse 

Schirmer 

Letullc. 

Opie 

Ruge 

Baldwin 

Bclou 

Mann and Giordano 

Cameron and Noble 

Rienhoff and Pickrell — 


which the measurements are given a true am- 
pulla was not considered present in the speci- 
mens. From the figures in table 6, we see that 


an ampulla is present in about 46 per cent, had 
the measurements been included in each investi- 
gator’s ' report. For example, Cameron and 
Noble made no mention of the ampullae less than 
5 min., while in Opie’s series of 100 specimens, 
in only 30 did this measurement equal or exceed 
5 mm. Oser found only 32 of 100 specimens 
in which the diverticulum was of such size that 
a small calculus might occlude the orifice with- 
out completel}’’ filling it and thus obstruct both 
ducts. Our findings and the correlation of the 
greater part of the work done on this particular 
phase of the problem to the present time lead 
us to believe that the main pancreatic duct enters 
the duodenum apart from the common bile duct 
in 25 to 30 per cent of all cases and that a true 
ampulla is present in only 30 to 40 per cent. 

THE REL.\TIOX OF THE SPHINCTER OF 
ODDI TO PANCREATITIS 

Although GHsson expressed the opinion that 
a sphincter existed at the end of the common 
bile duct, it was first described bj- Gage,^® who 
studied the sphincter in the cat and found sphinc- 
ters around the pancreatic and common bile ducts 
and one group of muscle fibers passing around 
both ducts. Od(hV' employing many species of 
animals, made an extensive comparative ana- 
tomic and physiologic study of the sphincter; 
but, aside from assigning a spedal sphincter to 
the duct of A\^irsung, he did not study especial!}' 
the relation of the sphincter of the common bile 
duct to the pancreatic duct. Somewhat later, 
Hendrickson studied the sphincter in man, in 
the dog and in the rabbit. His specimens show 
muscle fibers surrounding both the common bile 
and the pancreatic duct. 

In the absence of a stone in the ampulla of 
Vater, it has been suggested that in the instances 
in which both the bile and pancreatic duct open 
toghether in the ampulla, a flow of bile from the 
common duct might be diverted into the pan- 
creatic duct during life by spasm of the sphincter 
of Oddi. 

The possible importance of the sphincter at 
the duodenal end of the common bile duct was 

43. GHsson, quoted bi" Oddi.'*'® 

46. Gage, S. H. : The Ampulla of t'ater and the 
Pancreatic Ducts in the Domestic Cat, Am. Quart, ificr. 

J. 1:123 and 169, 187S-1S79 (pi. xii-xiv). 

47. Oddi, R.: (a) D’tme disposition a sphincter 

speciale de I’ouverture du canal choledoque. Arch. ital. 
de biol. 8:317, 1887; (b) Sulla tonicita dello sfintere 
del coledoco, Arch, per le sc. med. 12:333, 1888. 

48. Hendrickson, W. F. : A Study of the Muscu- 
lature of the Entire Extrahepatic Biliarj- System, Bull. 
Johns Hopkins Hosp. 9:221, 189S. 
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suggested by Archibald.^® He called attention 
to the fact that bile might be forced into the 
pancreatic duct as a result of the spasmodic con- 
traction of the sphincter muscle at the end of 
the duct. In his interesting experiments testing 
the resistance of the sphincter in the cat, he 
introduced into the gallbladder infected bile or 
bile salts and forced these to enter the pancreatic 
duct b}- spasm of the sphincter owing to the 
sudden rise of pressure in the gallbladder from 
200 to 700 mm. of water or to the application 
of hydrochloric acid to the mucous membrane 
of the duodenum. Necropsy of the animals that 
lived several hours revealed acute hemorrhagic 
pancreatitis and multiple focal liver abscesses. 

Knowing that removal of the gallbladder cures 
most patients with cholecystitis and pancreatitis, 
Judd studied the changes which result from 
the loss of this organ and found a dilatation of 
the common duct with a paral 3 'sis of the sphinc- 
ter. This seemed to explain why remoral of 
the gallbladder relieved the inflammation in 
the pancreas if it was due to a reflux of bile, 
the result of a spasmodic contraction of the 
sphincter ; if it was due to an extension of infec- 
tion from the gallbladder through the lymphatics, 
then removal of the infected viscus would afford 
relief. 

In order to determine whether it would be 
possible for the sphincter to convert the com- 
mon bile duct and pancreatic duct into a con- 
tinuous channel, Judd examined the sphincter 
in four species of animals in which the two 
ducts enter the duodenum together ; the dog, the 
cat, the monkey and man. His examination 
showed clearly that in almost all instances the 
musde fibers are intimatelj' connected with both 
ducts, so that a contraction of the sphincter 
would simultaneously close the two ducts and 
would not convert them into a continuous chan- 
nel. This was first beautifullj- shown b}' Hen- 
drickson with macerated specimens. If Archi- 
bald’s theory is correct, the sphincter would have 
to be placed distal to the entrance of both ducts 
in the ampulla. Mann and Giordano made 
serial sections of the sphincter in man and found 
that the usual position of the muscle fibers con- 
stituting the sphincter is proximal to the termina- 
tion of the common duct. These observations 
show that the usual position and arrangement 
of the sphincter in man are such that it would 
not be possible tor a contraction of the sphincter 

•59. Archibald. I-l: E.-cpcrirr-rtal Prcxtuction of Pan- 
crcatitn in .-Nnimnls as a Result of Resistance of the 
Ccntmcn D::ct Sphincter. Surp., Gynec. £: Oh't. 28:529, 
1919. Arc.hi!'aM. E.. and GibVint. E. C: Tr. Am. S. A. 
Z'iY''. 1921. 


to convert the ducts into a continuous channel, 
even if they opened into a common ampulla, 
which in our series was 32 per cent. 

Many interesting experiments have shown that 
the resistance of the sphincter is modified by 
various conditions: starvation,"’ local irritation 
of the sphincter and stimulation of the auto- 
nomic nervous system. The sphincter is relaxed 
through the action of the sympathetic system 
and is thrown into spasm by: stimulation of the 
parasympathetic sy^stem. Drugs acting directly 
on smooth muscle cause spasm increasing the 
resistance of the sphincter, while drugs which 
reduce the tonicity: of smooth muscle relax the 
sphincter.'* The literature is replete un'th clin- 
ical observations regarding the relationship of 
the sphincter of Oddi to acute pancreatitis,*® post- 
cholecystectomy symdrome," dy'skinesias of the 
biliary tract ” and various forms of jaundice." 
Recent observations by means of injections of 
iodized poppy-seed oil have dearly demonstrated 
that spasticity: of the sphincter of Oddi occurs 
in man." Doubilet and Colp " measured the 
resistance of the sphincter in 7 patients with a 
T tube intubation of the common duct. A varia- 
tion of 125 to 230 mm. of water, with an average 
of approximately: 165 mm. of water for normal, 

50. Cole, W. H. : Relation of Gastric Content to the 
Physiology of the Common Duct Sphincter, Am. J. 
Physiol. 72:39, 1925. 

51. Brugsch, T., and Horsters, H.: Cholagoga imd 
Cholagogie, Arch. f. exper. Patli. u. Pharmakol. US: 
267, 1926. Burget, G. E.; The Relation of the Flow 
of Bile : II. Effect of Eliminating the Sphincter of Oddi, 
Am. J. Physiol. 79:130, 1926. Kitakoji, Y.: Studicn 
oeber die Funktionen der Gallenblase und dcs Oddischen 
Muskels in Bezug auf die Absondcrung der Blascngalle; 
ueber den Einfluss von Nervengiften auf die Funk- 
tionen der Gallenblase und dcs Oddischen Muskcls, 
Nagoya J. M. Sc. 5:2't-29 (Nov. 20) 1930. Nakashima, 
K.: Studies on the Mode of Bile Outflow: .^bout Oddis 
Sphincter, Regulator of Bile Outflow, ,^cta scholac 
mod. univ. im Kioto 9:357, 1927. Shi, K. : Influence 
of the Gall Bladder, Oddi’s Muscle and the Duodenum 
upon the Outflow of Bile, Jap. J. Gastroenterol. 5:1-, 
1933. 

52. Rost, F.: Die funktionelle Eedeutung der Gallen- 
blase: Experimentelle und anatomische Untersuchunctn 
nach ChoIecj'Stektomie, Mitt. a. d. Grenzgeb. d. Med- u. 
Chir. 2C:7I0, 1913. Wcstphal, K.: Muskelfur.lmon, 
Nervensystem, und Pathologic der Gallcncnwcge, Zt-'C 

f. klin. Med. 9G:22, 1923. Footnote 51. 

53. Is-y, A. C., and Sandblom, P. : Biliary 

kincsia. .-Xnn. Int. Med. 8:115, 193f. , 

54. Manu-Musccl, I., and Pavel, I.: Lc 

sphincter d'Oddi cause de certains icteres proIon.,e-, 
Pressc mW. 38:1260, 1930. .. „ 

55. Best, R, R., and Hicken, N. F. : Bdi-ao J 

.synergia: Physiological Obstruction ^ 

Bile Duct, Surg., Gynec. £: Obst. Cl:721, 1-' 

56. Doubilet, H., and Colp, R.: Resistance o: tr.c 
Sphincter of Oddi in the Human, Surg., Gyr.-C. 
Obst. M:622, 1937, 
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was found. Duodenal lavage with magnesium 
sulfate was found to relax the sphincter, while 
hydrochloric acid caused temporar}’ sphincter 
spasm, which can be prevented by atropiniza- 
tion. Morphine produces severe spasm lasting 
as long as four hours, with the pressure reaching 
300 mm. of water during the second hour, after 
16 mm. have been injected subcutaneously. The 
action of papaverine and epinephrine was found 
to be slight. 

While there is disagreement as to the fre- 
quency with which bile can be held responsible 
for the development of acute hemorrhagic pan- 
creatitis, all agree that if bile is injected under 
force into tbe pancreatic duct experimentally it 
can produce tlie condition, as was shown by 
Opie and since then by man}' others. The 
experiments of Flexner and those of other 
investigators demonstrate that the same result 
follows the injection of a wide variet}' of sub- 
stances, such as oil (Oser,^^ Hess,^® Guleke,®® 
Eppinger®® and Hewlett®^), bile (Opie,®® Flex- 
ner,®" Guleke,®® Oser®^ and Polya®®), hydro- 
cliloric acid and intestinal secretion (Hlava,®® 
Flexner and Pearce,®® Hildebrand ®‘ and Rosen- 
bach ®®), intestinal secretion and pancreatic juice, 
commercial trypsin, calcium and sodium chloride 

57. Flexner, S.: The Constituent of the Bile Caus- 
ing Pancreatitis and the Effect of the Colloids upon 
Its Action, J. Exper. Med. 8:167, 1906; Experimental 
Pancreatitis, Bull. Johns Hopkins Hosp. 9:743, 1900; 
On the Occurrence of the Fat-Splitting Ferment in 
Peritoneal Fat Necroses and the Histologj- of These 
Lesions, J. Exper, Med. 2:413, 1897. FIe.xner, S., and 
Pearce, R. M. : Experimental Pancreatitis, Univ. Penn- 
sj’h-ania M. Bull. 14:193, 1901. 

58. Hess, O.: Experimenteller Beitrag zur .'\etiologie 
der Pankreas- und Fettgewebsnekrose, Munchen. med. 
Wchnschr. 50:1905, 1903; Experimentdles zur Pan- 
kreas und Fettgewebs-Nekrose, ibid. 52:544, 1903. 

59. Guleke, N. : Demonstration einer experimentell 
gewonnenen Pankreasnekrose, Berl. klin. Wchnschr. 
41:682, 1905; Ueber die experimentelle Pankreasnekrose 
und die Todesursache bei acuten Pankreaserkrangungen, 
Arch. f. klin. Chir. 75:845, 1905-1906; 85:615, 1908. 

60. Eppinger, H. : Zur Pathogenese der Pankreas- 
fettgewebsnekrose, Ztschr. f. exper. Path. u. Therap. 
2:216, 1905-1906. 

61. HcTs'lett, A. W. : On the Occurrence of Lipase 
in the Urine as a Result of Experimental Pancreas 
Disease, J. M. Research 11:1904. 

62. Polya, E. H. : Zur Pathogenese der acuten Pan- 
creasblutung und Pankreasnekrose, Berl. klin. Wchnschr. 
43:1562, 1906; Ueber die Pathogenese der akuten Pan- 
kreaserkrankungen, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 
24:1, 1912. 

63. Hlava, J. : Some .Affections of the Pancreas and 
Sudden Death from Them, Sbirka pfednasek. z oboru 
lekarsk., v Praze, 1899, no. 16, p. Ill ; Sur la pan- 
creatite hemorrhagique, Compt. rend. Cong, intemat. 
de med. (1897) (sect. 3) 2:106, 1899. 

64. Hildebrand, G.; Zur Pankreaschirugie, .Arch. f. 
klin. Chir. 89: 2, 1909. 


(Polya®®), sulfuric add (Flexner and Pearce®®), 
nitric acid (Flexner and Pearce®®), zinc chlo- 
ride (Lattes®®), chromic add (Lattes®®), solu- 
tion of formaldehyde (Flexner and Pearce®®), 
calcium chloride (Binet and Brocq ®®) and oleic 
acid (Hess ®® and Trevor ®®). The same results 
have been obtained by injecting into the blood 
vessels substances such as oil, paraffin, wax and 
lycopodium (Panum,®® Lepine/® Bunge®® and 
Guleke®®). Sailer and Speese®® suggested that 
this great variety of substances that cause pan- 
creatic necrosis on injection into the ducts is 
proof that mechanical distention and injur}- to 
the pancreatic tissue are the destructive agents. 
However, the following substances have been 
injected into the ducts without harmful effects: 
blood (Flexner and Pearce®®) and (Guleke®®), 
blood serum (Flexner and Pearce®®), glycerin 
(Hess®®), paraffin (Hess®®), agar (Lattes®®) 
and starcli (Hess®®). 

While quantities” of 4 to 30 cc. of bile and 
other fluids were injected forcibly into the pan- 
creatic duct with a syringe. Rich and Duff ® have 
shown that injections of smaller quantities of 
India ink into the pancreatic duct will rupture 
the smaller ducts and acini even in a large dog, 
leading to the immediate escape of ink into the 
interstitial tissues throughout the greater part 
of the pancreas. Archibald ®® was unable to 
produce necrosis or hemorrhagic pancreatitis by 
injecting small amounts (0.75 cc.) of bile into 
the pancreatic duct. Xordmann,®^ realizing the 

65. Rosenbach, F. : Gallenstauung im Ductus Wir- 
sungianus durch Stein in der Papilla Vateri als Ursache 
einer akuten Pankreasnekrose mit galliger Peritonitis, 
Munchen. med. Wchnschr. 65:185, 1918. 

66. Lattes, L. : Ueber Pankreasvergiftung, Virchows 
Arch. f. path. .AnaL 211:1, 1913. 

67. Binet, L., and Brocq, P. : Le role du sue intestinal 
dans la reproduction experimentale de la pancreatitie 
hemorragique avec steatonecrose, Compt. rend. Soc. de 
biol. 83:340, 1920. 

68. Trevor, R. S. : Some Recent Work on Disease of 
the Pancreas, Practitioner 72:570, 1904. 

69. Panum, P. L. : Experimentelle Beitrage zur 
Lehre von der Embolie, Aqrchows Arch. f. path. Anat. 
25:308, 1862. 

70. Lepine, R. : Diabete maigre avec integrite du 
pancreas, Lyon med. 71:591, 1892. 

71. Bunge: Zur Pathogenese vmd Therapie der acuten 
Pankreashamorrhagie und abdominalen Fettgewebsnek- 
rose, Arch. f. klin. Chir. 71:726, 1903. 

72. Sailer, J., and Speese, J. : .Acute Pancreatitis, 
Tr. A. .Am. Physicians 23:540, 1908. 

73. Archibald, E. W., in Lewis, D.: Practice of Sur- 
gery, Hagerstou-n, Md., W. F. Prior Company, Inc., 
1933, vol. 7, p. 1. 

74. Nordmann, O. : Experiraente und klinische 
Betrachtungen fiber die Zusammengange zwischen acuter 
Pankreatitis und Erkrankungen der Gallenblase, Arch, 
f. klin. Chir. 102:66, 1913. 
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danger of the injection technic, converted the 
common duct and pancreatic duct into a con- 
tinuous channel by closing the ampulla of Vater 
with a purse string suture. Jaundice without 
hemorrhagic pancreatitis occurred, even though 
the pancreatic duct was dilated unth bile. Mann 
and Giordano likewise found that if 5 to 10 cc. 
of bile is forced with a sj-ringe into the pan- 
creatic duct of a dog rupture of the smaller ducts 
and acini occurs. 

Even if the ampulla is obstructed and the ducts 
converted into a communicating s}'stem, will bile 
flow into the pancreatic duct? Theoretically, it 
would seem that the direction of flow should 
depend on the relative pressures developed in 
the duct system of each gland. Jslann and Gior- 
dano were unable to inject bile into the pan- 
creatic duct of a dog with the maximal normal 
secretorj’ pressure of the liver, 350 mm. of bile. 
The secretor}' pressure in the pancreatic duct 
was found to range from 260 to 350 mm. of 
water. These values are in accord with those 
of other investigators.” It is seen that the 
maximal secretory pressures of the liver and pan- 
creas are about equal, the former being slightly 
higher, the difference, however, being possibly 
great enough to cause bile to flow over into the 
pancreatic duct. When pressures up to 800 mm. 
of bile were used, even though the pancreatic 
duct was filled with bile, acute pancreatitis did 
not result. Considerable importance has been 
attached to the observation of lilann and Gior- 
dano *'■ that during vomiting the pressure in the 
biliary tract rose to 1,000 mm. of bile, and the 
suggestion has been made that through such 
a mechanism vomiting might be thought to cause 
pancreatic necrosis. It is, however, altogether 
probable that the general increase in intra-ab- 
dominal pressure due to vomiting would affect 
the two glands alike and no transfer of fluid 
would occur. Harms reported that during the 
height of digestion in the unanesthetized dog the 
sccrcton,- pressure of the pancreas is higher than 

75. Herrinir, P. T., and Simpson, S. ; The Pressure 
of Bile Secretion and the Mechanism of Bile Absorption 
in Obstruction of the Bile Duct, Proc. Roy. Soc., London 
79:517, 1507; The Pressure of Pancreatic Secretion, 
and the Mode of .Absorption of Pancreatic Juice After 
Obstruction of the Main Ducts of the Pancreas, Quart. 
J. E.rper. Physiol. 2:99, 1909. Mann, F. C, and Foster, 
J. P. : The Secretory’ Pressure of the Liver, with 
Special Reference to the Presence or Absence of a Gall- 
bladder, .Am. J. Physiol. 47:278, 1918. .Afftchell. \V. T., 
Jr., and Stifel. R. E.: The Pressure of Bile Secretion 
During Chronic Obstruction of the Common Duct, Bull. 
Johns Hophins Hosp. 27:78, 1916. 

76, Harms, F. : L'eber Druchmessuncen im Gallen- 
ur.'! Par.tcreascanasvstcm. .Arch. f. klin. Chir. 147:637, 
V27 



that of the liver, a finding which would 
the passage of pancreatic juice into the bilwn 
channels, rather than the reverse. 

From these experiments, the conclusion tha 
hepatitis or cirrhosis of the liver is due to • 
passage of pancreatic juice into the bile duct 
would seem almost as justifiable as that pau- 
creatitis is due to a reflux of bile."" Bile mar 
pass into the pancreatic duct for one or all c: 
the following reasons : The secretion of bile i; 
continuous, with changes in rate, while the secre- 
tion of the pancreatic juice is intermittent. There 
are times when the pressure in the pancreatic 
duct might be considerably less than in the bile 
duct. The liver has firmer tissue and a stronger 
capsule than the pancreas. With regard to the 
volume of fluid secreted, the drainage of the 
intraductal fluid to the outside of the gland is 
freer in the pancreas than in the liver. From 
our studj' of the pancreatic systems, we found 
that in 1 1 per cent the main and accessory ducts 
did not communicate and in 23 per cent the 
minor papilla was closed, making a total ol 
34 per cent in which fluid could not pass from 
the main duct to the duodenum by way of the 
accessory duct. These findings are in accord 
with those of other investigators.'® 

Current theories postulate that bile entering 
the pancreatic duct in man produces necrosis of 
the pancreas because of its own irritating and 
necrotizing properties or its bacterial content or 
because it activates the inactive trypsinogen of 
the normal pancreatic secretion while the latter 
is still in the pancreatic ducts. Persons who 
emphasize the role of infection introduced b) 
the reflex of bile contend that necrosis of the 
pancreas is produced either through the direct 
action of the bacteria or through the destructive 
effects of tr 3 ’psin, which follow on the activation 
of trvpsinogen bv the bacteria or their products. 
.All authors agree that the peculiar characteristics 
of the fat necrosis which accompany hemorrhagic 
pancreatitis depend on the action of pancreatic 
lipase which is secreted in active form and which 
escapes into the tissues when necrosis ot ttic 
pancreas occurs. 

The various theories regarding the hemor 
rhage of acute hemorrhagic pancreatitis arc dis 
cussed by Gruber.'® Some authors believe tha 

77. Diseases of the Liver, P.-incrc.-i5, and Siipr, arena 
Glands, in XolhnaRel, C. W. H.: FncydoKd..i ol 
Practical Medicine, Philadelphia, \V. B. Saunders Com- 
pany, 1903, p. 642. 

78. Schirmer^ Veslin^iiis and others.’ Bald-Ain.’" 

79. Grube.-, G. B., in Henke, F.. and Lubarsch, O.: 
Handbuch der specicllen patholo.zischen Anatomic une 
Histolonie, Berlin, Julius Springer, 1929, vol. 5, pf. 2 
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le hemorrhage is the result of a rasomotor 
Cex : others believe that it results from venous 
mombosis, and still others believe that it results 
'in the erosion of the blood vessels by the 
■^ncreatic trypsin. Rich and Duff - found tliat 
.le specific vascular lesion causing the hemor- 
hdge was located especially in the media of the 
•essel, -where the muscle fibers are swollen, their 
luclei pyknotic and often separated by fluid 
paces. The adventitia may appear condensed 
<■ d pink staining and contain pohnnorphonu- 
lear leukocytes. The internal elastic membrane 
uecomes fra3'ed, loses its undulations and takes 
on a swollen appearance. The first alterations 
of the media are found in its outer layers, the 
luuscle fibers of which become necrotic while 
those near the intima remain intact. But the 
process is apparently a rapid one and proceeds 
rapidh- to involve the entire thickness of the 
vessel wall, witli final destruction of the intima. 
Destruction of a segment of the vessel wall was 
found most frequently in the larger arteries, 
while destruction of the whole circumference was 
the rule in the smaller vessels. The lesion is 
quite indistinguishable from that characteristic 
of the familiar arteriolonecrosis and hyaline ar- 
teriolosclerosis occurring in man in association 
with hypertension and in arteriolosclerotic 
nephritis. 

SUMM.-^RY 

The historical aspects concerning the anatomy 
of the pancreas have been reiterated. The em- 
bryolog}' of the pancreatic systems has been 
reviewed. The etiologic factors of pancreatitis 
have been discussed. 

The anomalies and their results encountered 
in 250 dissections of the pancreatic systems are 
tabulated and discussed with their clinical sig- 
nificance. In 73 instances, about 24 per cent, 
there could be found no jimction of the pancreatic 
and bile ducts, each entering the duodenum with 


separate orifices. In 92 instances, 37 per cent, 
the ducts were contiguous, the dhdding septum 
terminating 1 to 2 mm. from the apex of their 
common orifice. In this group, however, a true 
ampulla was not considered present. In Si 
instances, 32 per cent, a true ampulla was 
present, varjdng in length from 3 to 14 mm., 
while in 4 instances, 2 per cent, the main pan- 
creatic duct was reduced to a fibrous cord. 

In 47 instances, 18 per cent, the length of the 
ampulla exceeded the average diameter of the 
duodenal orifice, and a complete block at the 
papilla would convert the t^vo ducts into a com- 
municating sj-stem. 

The average diameter of the duodenal papilla 
was 3 mm., with limits of 1.5 and 4.5 mm. 

Concerning the accessory pancreatic duct, in 
onh' 89 of 100 specimens studied for this pur- 
pose could any intraglandular communication 
between the ducts be demonstrated. In 4 in- 
stances, the embrr-onic duct system was present — 
i. e., the accessorj- duct carried the greater part 
of the secretion — while the main duct was re- 
duced to a fibrous cord, Iea\-fng 85 specimens 
■vnth a normal duct arrangement. In onlv 62 
of these, 73 per cent, was the duct found to be 
patent, or there were 23 instances in which the 
accessorj- duct did not communicate with the 
duodenum, regardless of the duct arrangement, 
making a total of 34 per cent in whidi fluid 
could not pass from the main pancreatic duct 
to the duodenum by way of the accessor}- duct. 
The average diameter of the undistended duCT 
at its point of peroforation of the duodenum was 
1.6 mm. 

The anatomic position and arrangement of the 
sphincter of Oddi and the conditions modifying 
its resistance are discussed, and the current 
theories postulated regarding the necrosis and 
hemorrhage which occur are briefly discussed. 
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This paper is the first of a series describing 
some studies of the pathologic circulatory ph\'- 
siology of animals and men preceding and during 
traumatic shock. The paper has two purposes: 
(1) to introduce this series of studies on trau- 
matic shock and relate them to other work from 
our laboratories and (2) to describe the initia- 
tion of some microscopically visible changes in 
the physical consistency of the circulating blood 
which are caused by mechanical injuries to 
tissues (cutting or crushing injuries) but which 
we have not yet found caused by hemorrhage 
alone. 

The studies of the changes in the blood, 
vessel walls and circulation preceding and during 
traumatic shock which this paper introduces are 
a part of a larger series of studies of normal and 
pathologic circulatory physiology. Our col- 
leagues and we have lieen carrying out micro- 
scopic studies of : 

1. The circulation in a number of tissues and 
organs of laboratory animals under the most 
nearly normal conditions which we have thus 
far been able to attain experimentally. (Kni- 
seh',* Bloch - and Knisely, Bloch and Warner.") 

The work was aided hy a grant from the Ella Sachs 
Plotz Fund. 

This work was aided also by a grant from the Dr. 
Wallace C. and Clara A. .Ablxjtt Memori.il Fund of 
the University of Chicago. 

From tfie Departments of .Anatomy and Preventive 
Medicine of the University of Tennessee College of Medi- 
cine and the Hull Laboratory of .Anatomy of the Uni- 
versity of Chicago. 

The studies on which this paper is based were made 
possible through support given by the Tennessee Valley 
-Authority through the Division of Preventive Afedicine 
of the University of Tennessee. 

1. Knisely, M. H. : .Apparatus for Illuminating Liv- 
ing Tissues and Measuring Rate and A olume of Blood 
Flow. .Anat. Rec. fsupp.) S8:73 IMarch) 1934; (I’) Mi- 


2. The mechanical consistency of the circulat- 
ing blood, the vasomotor behavior and the patho- 
logic reactions of the vessel walls of the bulbar 
conjunctiva of (a) unanesthetized normal hutnar 
beings and (b) persons with diagnoses of a 
wide variet}- of pathologic conditions and di.=- 
eases (Knisely and Bloch.'*). 

3. The circulatory physiology of normal 
Alacaccus rhesus monkeys and of monkeys in- 
fected with Plasmodium knowlesi malaria (Kni- 


croscopic Observations on Circulatory Systems of Lirinr 
Transilluminated Mammalian Spleens and Parfuritm 
Uteri, Proc. Soc. Exper. Biol. & Med. 32:212 (Octi 
1934; (c) A -Method of Illuminating Living Struclurts 
for Microscopic Study, Anat. Rec.- 64: 499 (March! 
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lalian Spleens, ibid. 65:25 (.April) 1936; (f) Splcci 
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:ely, Stratinan-Thomas and Eliot ® and Knisely, 
Stratman-Thomas, Eliot and Bloch.® 

4. The reactions of various parts of the vas- 
cular system during and following hemorrhage 
initiated with a minimum amount of mechanical 
trauma to animals (unpublished). 

5. Tlte reactions of the blood and vascular 
system and the clianges in the circulation follow- 
ing mechanical trauma made with a minimum 
amount of hemorrhage from animals. 

Thus, we have been studying normal blood 
and vessel walls, surveying the condition of these 
in a number of diseases and trying to stud\- the 
sequence of circulator}' phenomena seen in 
hemorrhagic shock uncomplicated by tramna, 
the sequence in traumatic shock uncomplicated 
by hemorrhage, and the pathologic circulator}- 
phenomena in P. knowlesi malaria uncomplicated 
by either trauma or hemorrhage. The over-all 
purposes are, of course, to recognize as many 
factors as possible of normal and of pathologic 
circulator}' physiolog}' and to detennine tlie 
kinds, magnitudes and sequences of pathologic 
factors present in each pathologic complex. 

Our studies of the changes in blood and vessel 
walls preceding and during traumatic shock are 
a direct outgrowth of the microscopic studies of 
the pathologic circulator}' physiolog}- of rhesus 
monkeys during acute P. knowlesi malaria (see 
Knisely, Stratman-Thomas, Eliot and Bloch® 
and the motion picture “Knowlesi Malaria in 
Monkeys” '). As outlined in the following para- 
graphs, tlie studies on malaria provided back- 

5. Knisely, H. : Stratman-Tliomas, W. K,, and 
Eliot, T. S.; Obser\'ations on Circulating Blood in the 
Small Vessels of Internal Organs in Living Macaccus 
Rliesus Infected with Malarial Parasites, .-^nat. Rec. 
(supp.) 79:90 (March) 1941. 

6. Knisel}-, M. H. ; Stratman-Thomas, W. K. ; Eliot. 
T. S., and Bloch, E. H. ; Knowlesi Malaria in 
Monkeys; I. Microscopic Pathological Circulatory 
Physiology of Rhesus Monkeys During .Acute Plasmo- 
dium Knowlesi Malaria. I. Nat. Malaria Soc. 4: (Dec.) 
1945. 

7. .At several points in this paper there are references 
to scenes in the motion picture "Knowlesi Malaria in 
Monkeys." This 16 mm. Kodaclirome motion picture, 
taken through tire microscope, records several scenes of 
normal unagglutinated blood and normal vessel walls 
and then traces one set of factors of pathologic circu- 
latory physiology through lethal stages. The picture was 
made to make it possible to demonstrate some of our 
findings to physicians and medical scientists. It usually 
takes about sixty minutes to project the film. Copies of 
this film will be loaned free, except for transportation 
charges, to medical schools, medical societies, medical 
officers of the military services and research groups. 
Requests should be sent either to Dr. M. H. Knisely, 
Department of .Anatomy, University of Chicago, or to 
Dr. T. S. Eliot, Department of .Anatomy, University of 
Tennessee, Memphis, Tenn. 


ground for and dues to follow in this series of 
studies, on traumatic shock. 

METHODS 

Two methods are being used for studying the 
blood and small vessels with microscopes. One 
is the fused quartz rod method of illuminating 
living tissues for microscopic study (Knisely ® 
and Hoerr®), which permits routine study in 
many internal organs of experimental animals 
at 32, 48. 96, 240 and 400 and less frequently at 
600 diameters’ magnification. The other consists 
in focusing stereoscopic dissection microscopes 
(32, 48 and 96 diameters) on the obliquely 
illuminated nictitating membrane and/or bulbar 
conjunctiva of anesthetized animals or unanes- 
thetized human beings. A Zeiss scale in one 
ocular permits rapid or continuous close esti- 
mates of the dimensions of structures observed. 

At all times the blood coming down the arte- 
rioles of uninjured bulbar conjunctiva is a statis- 
tically valid sample of all the flowing arterial 
blood in the body. This was determined by open- 
ing an animal and stud}-ing the blood passing 
through many different organs. In frogs, obser- 
vations under various approximately physiologic 
and known experimentally produced pathologic 
conditions have been made of the vessels and 
blood in skin, brain, peripheral nerves, smooth 
muscle of the gastrointestinal tract, gastric mu- 
cosa, mesenteries, striated muscles, lung, adrenal 
gland tissue, kidney and liver (for operative 
technics see Knisely, Bloch and Warner®). In 
mammals, observations have been carried out 
in the surface of brain, omentum, mesenteries, 
striated muscles, smooth muscles of the gastro- 
intestinal tract, intestinal mucosa, uterus, ovar}-. 
spleen and liver. These studies have been carried 
out over a fourteen year period. At any one 
time, the blood coming down the arterioles of 
all organs of an animal has the same mechanical 
consistency. In about 3,500 frogs, in 1.100 sala- 
manders (-Amblystoma), in 500 small laboratory 
mammals— -mice, rats, guinea pigs and cats 
(Knisely ®») — and in 50 rhesus monkeys ('Knise- 
ly, Stratman-Thomas. Eliot and Bloch®), this 
has always been true. Hence, the blood coming 

S. (a) Knisely: (6) The Fused Quartz Rod 

Method of Illuminating LiUng Structures for ilicro- 
scopic Study, in McQung, C. E. : Handbook of Micro- 
scopical Techniques for Workers in .Animal and Plant 
Tissues, ed. 2, New York, Paul B. Hoeber, Inc.. 1937, 
pp. 632-642; (c) .An Improved Fused Quartz Rod Liv- 
ing Tissue Illuminator, Anat. Rec. 71:503 (.Aug.) 1938. 

9. Hoerr, N. L. : Illumination of Living Organs for 
Microscopic Study, in Glasser, O.: Aledical Physics, 
Chicago, The Year Book Publishers, Inc., 1944. p. 625.' 
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down the arterioles of any organ, such as the 
uninjured bulbar conjunctiva of human, beings, 
may be studied as a valid sample of all the flow- 
ing arterial blood in the body. This is a key 
fact, for it permits rather close integration of 
some phases of laboratory and clinical studies 
of normal and pathologic circulator}' physiology. 

By the coordinated use of these two methods, 
changes in the mechanical consistencj' of the cir- 
culating blood and the reactions of the walls of 
small vessels can be traced (E. R. and E. L. 
Clark with anesthetics and operations in 
animals and with or without anesthetics or opera- 
tions in men, during phases of normal physio- 
logic processes, during untreated pathologic 
processes and diseases, and during and following 
the administration of standard or of e.vperimen- 
tal therapeutic agents and/or procedures. 

CONTROLS AND BACKGROUND 

For a brief but clear introduction to the 
changes in the blood and vessel walls following 
mechanical trauma, which if sufficiently severe, 
progressive, prolonged and untreated leads to 
"traumatic shock,” three sets of concepts are nec- 
essar)-; (a) concepts of normal blood and vessel 
walls, because clearcut concepts of the normal 
are necessary as a foundation for recognizing 
transitions into the pathologic; (h) concepts of 
the normal ranges of the diameters of terminal 
arterioles, capillaries and arteriovenous anasto- 
moses, and (c) concepts of the changes in the 
blood and the vessel walls of rhesus monker's 
during stage III of acute P. knowlesi malaria. 
Some features of the pathologic processes of 
traumatic shock closel)- parallel certain features 
of stage III of this malaria. 

A. Concepts of Normal Blood and Vessel 
Walls . — In the internal organs of about 3,500 
frogs, 1,100 salamanders (Ambl3'Stoma), 500 
normal small laborator}' mammals anesthetized 
with sodium amytal (Knisely and several 
normal rhesus monkeys anesthetized with pento- 
barbital sodium (Knisely, Stratman-Thomas, 
Eliot and Bloch ®) and in the bulbar conjunctiva 
of 50 normal unanesthetized medical students 
and student nurses (Knisely and Bloch : 

I. The circulating red cells were not aggluti- 
nated. Each was free from the others. They 
tended to repel each other slightly (Are}' and 
Abramson, Moyer and Gorin,^- pp. 307-319). 

10. Clark, E. R., and Clark, E. L.: Observations on 
Changes in Blood Vascular Endothelium in the Liring 
Animal, Am. J. Anat. 57 : 385 (Nov.) 1935. 

II. Arey, L. B. : Observations on the Shape of the 
Erythroplastids in the Wing of the Bat, Anat. Rec. 14: 
135 (Jan.) 1918. 


2. No white cells stuck to the inner sunace 
of the walls of small vessels. The inner sur- 
faces of the linings of normal small vessels tvert 
smooth and clean. This agrees with and extend; 
to other organs and species in the observations d: 
E. R. and E. L. Clark.^” 


3. The flow of the unagglutinated blood va; 
laminar, or “streamlined” (see Poiseuille,” fig- 
ure 6, and Knisely, Bloch ancl Warner®). 

4. The small normal vessels did not leal: 
appreciable amounts of fluid for (a) there was 
no visible hemoconcentration occurring (see 
Krogh,’^ p. 14) ; (i>) in the mesenteries and 
omentum of animals, the fat cells outside vessel; 
were tight together ; they were not being pushed 
and held apart by escaping fluid, and (c) in 
human beings the bulbar conjunctiva was not 
forced up and held away from the sclera, whereas 
this does occur and can easily be seen mth 
stereoscopic microscopes in human beings at 
times when the bulbar conjunctival vessels are 
seen to be leaking rapidly. 

5. The blood flowed so rapidly in most arte- 
rioles and venules which were from 60 to 120 
microns in diameter that individual red cells 
could not be seen. 

The observations of unagglutinated blood in 
normal human beings are particularly valuable 
as strict controls for animal experiments because 
the normal human beings had not been subjected 


to fright or to anesthetics or operations. 

With routine care, it is possible with the fused 
quartz rod method to keep the exposed tissuei 
and organs of normal rhesus monkeys anesthe- 
tized wth pentobarbital sodium under continu- 
ous obsen-ab’on for fourteen to eighteen hon^ 
without causing any of the microscopi Y ® 
eridences of injuiy’ to the blood (sk t e o 
ing sections) or vessel walls (E. R. an . 
Clark®"). Normal unagglutinated arculating 
blood and normal vessel walls of monkeys have 
been recorded in motion pictures (see reel 1 ot 
die Knowlesi Malaria film )- 

B The Diameters of the Smallest Vessels.— 
In most organs of a number of mammalian 
species, those capillaries through which blood is 
flowing normally var}' from a little more than 


!2. Abramson, H. A.; Moyer L S., and Gor!m M- H.: 
:ctrophores!s of Proteins and Chem^trj- of Cdl Snr 
es New York, Reinhold Publishing Corporation, 19-?::. 
,3.' Poiseuille, J. L M. : Recherches sur “uses du 
uvement du sang “pillaire.. 

•m. Acad. d. sc., Paris 7:10a, IS-fl. . . 

4 Kroch A : The Anatomy and PhysioIog> oi 
pillaries! ’ed. 2, New Haven, Conn.. Yale University 
•ss. 1929. 
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once to a little more than twice or even two and 
a half times the diameter of tlie red cells which 
pass through them. The red cells usually pass 
in single file or, at most, a double row. When 
a capillary contracts or is compressed to just a 
little less tlian the diameter of the contained 
red cells, the red cells rub on the inner surface 
of the endothelium and thus resist passage, and 
tlie flow through that vessel soon stops (see 
KroglV^ page 11. and Knisely^^). Most true 
capillaries can dilate without losing tonus, weak- 
ening and sacculating to a little more, but usually 
not much more, than two or two and a half 
times the diameter of the contained red cells 
(Krogh,’^ p. 335, and Knisely, Stratinan- 
Thomas, Eliot and Bloch®). The arterioles of 
most of tlie organs in frogs and mammals which 
we have studied are long, narrow, tapering cones. 
During tlie flow of blood tlirough them, their 
outlet tips varj' either anatomically or function- 
ally from a little wider to a little narrower than 
the capillaries or sinusoids tliey join and supply. 
These statements are true of the arterioles and 
capillaries of the bulbar conjunctiva of human 
beings and almost certainly true of the arterioles 
and capillaries of many other human organs 
during life. Arteriovenous anastomoses have 
thus far been found in but a few organs of any 
one species. The arteriovenous anastomoses 
which have been found are often dosed and 
when open are frequently but two or three times 
the diameter of the red cells passing through 
them (see the reviews by E. R. Qark and 
Boyd . These are key points for understanding 
some of the pathologic processes initiated by 
intravascular agglutination of the blood, for they 
show that most of the time, under most condi- 
tions, nearly all tlie drculating blood must pass 
through vessds having an internal diameter from 
about once to twice or at most three times that 
of the red cdls on every trip from the left side 
of the heart through the drculator)- sj'stem and 
return. Thus, as is well knowm but not always 
remembered, the arterioles and capillaries are a 
perpetual “bottleneck” in the vascular system. 

C. Some Changes in the Blood and Vessel 
Walls During Stage III of F. knozvlesi Ma- 
laria . — ^At the beginning of stage III of the 
pathologic circulator}' physiolog}' of rhesus 
monkeys with P. knowlesi malaria, a thick, 
glassy precipitate forms beUveen and around all 
the blood cells of the animal. In tliis malaria, this 

15. Clark, E. R. : Arterio-Venous Anastomoses, 
Physiol. Rev. 18: 229 (.'\pril) 1938. 

16. Boyd, J. D. : Arterio-Venous Anastomoses, Lon- 
don Hosp. Gaz. (Clin. Supp.) 42 :i (July) 1939. 


precipitate forms tliroughout all of the animal’s 
circulatory system at one time. The process 
acts as though it were autocataljidc ; once it 
starts, it usually goes on to completion in from 
ten to about twenty minutes. This predpitate 
binds the animal’s red cells together in wads 
and masses (not rouleaux), which by micro- 
scopic standards are large, semirigid and tough, 
and thereby rapidly changes all the animal’s 
drculating blood into a thick, mucklike sludge. 

As soon as the blood has changed to this 
thick, pasty sludge, a definite sequence of events 
takes place. Three major steps are as follows : 

1. This sludge resists its own passage through 
small vessels much more than does normally fluid 
blood; consequently, the rate of flow through 
small vessels all over the body becomes progres- 
sively slower than the normal rates for each 
degree of dilatation of each vessel. This in- 
creased resistance to flow and consequent re- 
duced rates of flow through the capillar}* beds 
slowly, progressively and inescapably leads to 
various degrees of stagnant anoxia all over the 
body. 

2. There is a time interval of variable length 
during which (n) the reduced rates of flow 
are unmistakable and (&) there is still no visible 
hemoconcentration of the sludge passing through 
peripheral vascular beds. During this period, 
the flow through each small vessel is slower than 
the normal rate for whatever degree it is dilated 
but the vessels have not yet begun to leak per- 
ceptibly (see the scenes following titles 29. 30 
and 31 in the Knowlesi Malaria film*). After 
the sludged blood has been flowing too slowly for 
a time, the walls of postcapillar}* venules and 
.small venules lose their ability to retain blood 
colloids. Anoxia of the endothelium is alone 
sufficient to cause this (see Starr Starling^®; 
I.andis^®; Krogh,“ pp. 321, 326 and 335; 
Maurer ; Warren and Drinker ; Drinker,-- 

17. Starr, I., Jr.: Production of Albuminuria by 
Renal Vasoconstriction in Animals and 2ilan. J. E.xper. 
Med. 43: 31 (Jan.) 1926. 

18. Starling, E. H. : Prindples of Human Physiology, 
ed. 4, Philadelphia, Lea & Febiger, 1926, p. 854. 

19. Landis, E. M.: Micro-Injection Studies of Capil- 
lary Permeability: III. The Effect of Lack of Oxygen 
on the Permeability* of the Capillary Wall to Fluid and 
to the Plasma Proteins, .‘\m. J. Phvsiol. 83: 528 (Jan.) 
1928. 

20. Jifaurer, F. W.: The Effects of Decreased Blood 
Oxygen and Increased Blood Carbon Dioxide on the 
Flow and Composition of Cervical and Cardiac Lymph. 
.Am. J. Physiol. 131: 331 (Dec.) 1940; The Effects of 
Carbon Monoxide -Anoxemia on the Flow and Com- 
position of Cer\-ical Lymph, ibid. 133:170 (May) 1941; 
The Effects of .Anoxemia Due to Carbon Monoxide 
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224 


ARCHIVES OF SURGERY 


and I. Bloch,-" and in a variet)- of unpublished 
experiments of ours sufficiently severe anoxia 
always caused endothelium to leak fluids rapidl}’. 
The larger and more rigid the masses of pre- 
cipitate-coated agglutinated blood cells, the more 
they resist passage through the long, cone-shaped 
arterioles and the capillaries, the slower the flow 
through the peripheral vascular beds and the 
shorter the period before the vessel walls begin 
to leak perceptibly. 

3. Postcapillary venules and small venules 
begin to leak fluid, at first slowly and later more 
rapidlj-. The vessels of some tissues and organs 
begin to leak before those of others. Hence, local 
areas begin to lose fluid, and in these local areas 
continuous microscopicall}' %’isible liemoconcen- 
tration begins (see Krogh,^^ p. 14, and the scene 
following title 35 in tlie Knowlesi Malaria 
film •). At first the fluid being lost through the 
walls of postcapillar)' venules and small venules 
can be returned to the blood vascular system by 
wa)' of lymphatics as fast as it is lost. Later, 
rapid local fluid losses and local hemoconcentra- 
tions occur all over the body, and, finally, as a 
result of rapid local fluid losses, enormous num- 
bers of small vessels are left plugged with 
stranded masses of precipitate-coated, tightly 
agglutinated blood cells. 

As a result of these processes, the sum of 
the rates of local fluid losses becomes greater 
than the sum of the rates of return of fluids to 
the blood by hmphatics. Hence, at the same 
time that enormous numbers of small vessels 
are being plugged with stranded masses of 
coated, agglutinated red cells, there is a pro- 
gressively decreasing intravascular plasma vol- 
ume. The stranding of precipitate-coated masses 
of red cells hi small vessels and fluid loss from 
small vessels are major factors causing a pro- 
gressively decreasing circulating blood volume 
and venous return (see Knisety, Stratman- 
Thomas, Eliot and Bloch “ and reel III of the 
Knowlesi Malaria film). 

Mffien fine droplets of india ink are injected 
into the blood stream of frogs, each small droplet 

and Low Oxvgen on Cerebrospinal Fluid Pressure, ibid. 
133:180 (May) 1941. 

21. Warren, M. F., and Drinker, C. K. : The Flow 
of Lvmph from the Lungs of the Dog, .■^m. J. Ph 3 'siol. 
136:207 (March) 1942. 

22. Drinker, C. K. : The Lj'mphatic S}'stem, Stan- 
ford Universitj-, Calif., Stanford University Press, 1942, 
pp. 78-84. 

23. Bloch, I.: Some Preliminarj- Considerations 
Concerning Concentration of Oxjgen in Tissue, Bull. 
Mathemat. Biophj-sics 3: 121 (Dec.) 1941 ; Some Theo- 
retical Considerations Concerning the Interchange of 
Metabolites Between Capillaries and Tissue, ibid. 5: 1 
(Jfarch) 1943. 


immediately receives a complete coating of a 
clear, glassy precipitate formed from the frog's 
plasma. This coating is not sticky to the red 
cells it bumps or to ordinar}’ undamaged vas- 
cular endothelium, but it is extremely stick}- 
to the inner surface of the sinusoid-lining Kupf- 
fer cells of living frog liver. When and wherever 
this coating material touches the inner surface 
of the hepatic sinusoid lining, it sinks Avith its 
contained ink into the cytoplasm of the lining. 
The ingestion of a bit of this coating appears 
to be as fast as that when a small sphere ci 
mercury touches and merges vA-ith and into a 
larger one (see Knisely, Bloch and Warner 
for more details). During stage III of P. 
knowlesi malaria in monkeys, coatings are pre- 
cipitated around normal circulating red cells, 
and these coatings are ingested Avith the con- 
tained er 3 -throcytes by the phagoc 5 rtes of the 
liver, bone marroAv and spleen. In monkeys, 
the rapid ingestion of coated erythrocytes (a) 
contributes to decreased red cell counts (anemia) 
and (b) assists in progressively decreasing the 
circulating blood A'olume. 

In summation, the controls and background for 
the subsequent observations of the effects ot 
mechanical trauma are: 

1. In normal animals and men, the blood cells 
are not agglutinated, the red cells repel each 
other slightly' and the AA'hite cells do not stick 
to A'essel AA'alls, The AA'alls of capillaries, post- 
capillarA’ A-enuIes and A'enules do not leak rapidly 
enough to be detected by microscopic obserA-a- 
tion. 

2. DIost of the time, under most conditions, 
nearly all the circulating blood must, because of 
the anatomy and dimensions of the peripheral 
parts of the' living vascular system, pass through 
vessels having an internal diameter from about 
once to tAvice or at most three times that of the 
red cells on every" trip around the circulatory- 
system. 

3. In monkeys Avith P. knoAvlesi malaria, at 
tlie beginning of stage III, (1) a precipitate is 
formed beUveen and around all the blood cells, 
coats them and binds them together in great 
semirigid Avads and thereby changes all the 
circulating blood to a tliick, mucklike sludge. 
The formation of this particular malaria sludge 
usually takes but ten to tAventy minutes. (2) 
The h'eaA'ih' sludged blood flows more and more 


24. Kniselj'. M. H.; Bloch, E. H., and Warner, L. : 
lelective Phagocj-tosis : 1. 

he Selective Phagocj-tic Removal of Coated ^rt - 
rom Flowing Blood by the Sinusoid Lining Cells oi 
■iving Frog Liver, to be published. 
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owl}’, but for a time the walls of vessels do 
■ >t leak perceptibly. (3) When the flow has 
seen slow enough for a long enough time, post- 
capillar}’ venules begin to leak, at first slowly 
: I 1 then more rapidly. (4) Venule walls leak 
so rapidly that masses of coated cells are left 
stranded in the vessels. (5) The stranding of 
coated masses in vessels and loss of fluid from 
vessels causes a progressively decreasing cir- 
culating blood volume and venous return. (6J 
The rapid ingestion of coatings containing en-- 
throc}’tes by the phagocytes of liver, bone mar- 
row and spleen acts toward causing and main- 
taining (a) low red cell counts (anemia) and 
(fc) progressively decreasing circulating blood 
volume. 

HoiU Studies of Malaria Led to Studies of 
Traumafie Shock . — ^When the formation of the 
stage III precipitate was seen with the micro- 
scope in a living monkey infected with P. knowl- 
esi, the chemical and immunologic natures of 
the precipitate immediately became important 
problems. Consequently, samples of this heavily 
sludged stage III blood were drawn into oiled 
and heparinized or oiled and citrated syringes, 
injected into little petrolatum-ringed pools of 
citrated mammalian Ringer solution on micro- 
scope slides and examined by direct light and 
by dark field illumination. 

In the living animal, all the red cells were 
held together in wads and masses. On the slide, 
not more than two minutes afterward, some 
clumps had separated; the rapid, forcible swirl- 
ing of the blood as it passed into and out of the 
syringes and/or the solutions used caused many 
clumps to disintegrate into individual red cells. 
However, many masses of clumped red cells re- 
mained. By transillumination in vitro, the ma- 
terial which held these clumps together was not 
visible. By dark field illumination, it was ob- 
vious that a thick, glassy, cottony precipitate was 
present between and around all the red cells 
of each clump. (This is shown in the Knowlesi 
INIalaria film following title 48 a). 

Bloch pulled some of these clumps apart with 
a Chambers microdissector (see Chambers and 
Kopac,-' pp. 62-109). The precipitate which 
held the erythrocytes together was fairly abun- 
dant and had a string}- or gluey or tarry con- 
sistency. By microscopic standards, it was rather 
tough. The appearance and consistency of the 
precipitate suggested that it might be largelv 

25. Chambers, R., and Kopac, M. J. ; Micrurgical 
Technique for Study of Cellular Phenomena, in 
McClung, C. E. : Handbook of Microscopical Techniques 
for Workers in .Animal and Plant Tissues, ed. 2, Xew 
York. P.aul R. Hoeber. Inc., 1937, pp. 62-109. 


fibrin or some fibrin-like material. Conse- 
quently, we decided to try to form some fibrin 
within the vascular system of a normal monkey 
to see what freshlv formed, intravascular fibrin 
would look like in the living animal. 

MICROSCOPIC EXPERIMENTS WITH 
MECH.A.NIC.’\L TRAUMA 

I. Experimental Crushing of Monkey Omentum . — A 
young, vigorous male monkey was selected and anes- 
thetized with pentobarbital sodium given intrapleurally.-'^ 

When the animal was asleep, an eyelid was reflected 
(its tarsal plate keeps it flat) and the reflected poruon 
transilluminated with a fused quartz rod to permit 
microscopic study of the circulating blood and the vessel 
walls of the inner surface of the eyelid. This area was 
than studied at 32, 48 and 96 diameters to see whether 
the blood and the vessel walls were normal. During 
these observations, made to help select a normal experi- 
mental animal and as controls for possible effects of the 
laparotomy which followed, the vessel walls and the 
blood flowing in them looked perfectly normal, for (a) 
the circulating red blood cells were not agglutinated. 

(b) each red cell which bumped a vessel bifurcation 
turned over easily, demonstrating that the plasma vis- 
cosity was within the normal range, (c) no white cell.s 
were sticking to the walls of small vessels, (d) no visible 
hemoconcentration was occurring in any small vessel. 

(c) there were no emboli in this area and no minute 
thromboses and (/) the flow of the normal unaggluti- 
nated blood in small venules was laminar, or “stream- 

26. We did not want an anesthetic solution in high 
concentration on omental tissues which were to be ob- 
served with microscopes, and the rates of absorption 
from subcutaneous fascias are irregular and unpredict- 
able. Solutions of crv’stalloids are absorbed rapidly 
from the pleural space, probably because (a) the outer 
surface of the lung has great numbers of capillaries. 
(6) the lateral pressure within lung capillaries is much 
less than that of the inwardly directed oncotic “attrac- 
tion” force of the dissolved blood proteins, (c) the flow 
tlirough these vessels is rapid and (d) there is a con- 
tinuous mixing and spreading of films of fluid in the 
pleural space due to the respirator}- excursions of the 
lung. Hence, the pentobarbital sodium was given intra- 
pleurally. 

The calculated dose of pentobarbital sodium is divided 
into fourths. At first, two quarter-doses are given ; after 
fifteen minutes, the third quarter, and after fifteen 
minutes more, the fourth quarter-dose. A fifth quarter- 
dose is given later if necessary and an additional quar- 
ter-dose or eighth-dose given whenever necessarv-. This 
maintains a controlled, nearly even anesthesia. Care 
must be taken (o) to avoid the intercostal arteries and 
veins to prevent hemorrhage (a small needle [no. 27] is 
less apt to injure an artery than a large one), (6) to be 
sure to go all the way through the intercostal muscles 
and reach the intrapleural space and (c) to be sure not 
to injure the lung. As the lung has a wide respirator} 
excursion, it can be snagged on an inwardly projecting 
needle: the ne^Ie should not be pushed in any farther 
than necessar}-. We ground needle tips off a little to a 
smooth, rounded point, which can be pushed through the 
skin and muscle but is more apt to indent than to cut 
the resilient lung tissue. 
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lined." Thus, these observations did not detect any 
abnormality of the circulating blood or vessel vvalls.-^ 

The monkey was then opened, with minimal blood loss, 
by a median abdominal incision, and a fold of omentum 
was gently drawn out and a portion spread over a 
horizontal loop of stiff, paraffin-coated copper wire. The 
loop supported an area of omentum VA inches (3.8 cm.) 
in diameter and held this area a short distance from 
the abdomen. The intervening omentum was left slack 
so tliat the animal’s respiratory movements were not 
transmitted to the supported omentum. 

The exposed omentum was protected with flowing 
(Knisely mammalian Ringer solution at body tem- 
perature and the tip of ajquartz rod illuminator brought 
up under the supported arpa-so that portions of it could 
be studied with microscopes. The whole supported area 
was then studied microscope field by microscope field 
at 32, 48 and 96 diameters. During these control obser- 
vations, tlie blood and vessel walls were normal, accord- 
ing to each of the criteria previously listed. Thus, no 
single factor or combination of factors of the anesthetic, 
the laparotomy, the withdrawing of the omentum and 
the transillumination of the area were sufficiently in- 
jurious to cause any of the known microscopically visible 
reactions of blood or vessels to injury (E. R. and E. L. 
Clark 10 and Knisely, Bloch and Warner =). 

There were a few small injured vessels at the 
periphery of the supported area where the omentum had 
been bumped against the paraffined wire. These showed 
the pathologic stasis described by Florey and Krogh,i< 
p. 14. 

In the omentum of Macaccus rhesus monkeys, each 
small artery is accompanied by its own small vein. 
Pairs of these run close together for long distances. 
Large, powerful arteriovenous anastomoses interconnect 
the members of these pairs. There are so many of 
these arteriovenous anastomoses that, except for the 
capillary beds of small lymph nodes, each of which has 
its omi blood supply, all the capillary networks of the 
omental tissue can be short-circuited at once. Sometimes 
all the arteriovenous anastomoses open and the capil- 
laries constrict tightly shut throughout their lengths, 
ejecting their contents, and then contain no blood (see 
Krogh.i* pages 47 to 69) and there is a rapid flow 
through the dilated arterioles, arteriovenous anastomoses 
and venules of the whole omentum. The omental vessels 
of this animal svent into this reaction and maintained it 
for the rest of the period of this experiment. 

An area about 3 mm. in diameter was selected at a 
point where an arteriovenous anastomosis joined the side 
of a small vein (see the figure). The tip of the quartz 
rod, which was about 2.5 mm. in diameter, was brought 
from beneath up into contact with this area, the dis- 

27. This method of preselecting normal animals by 
microscopic obserr-ations before beginning experiments 
was instituted because we had found precipitated-agglu- 
nated, circulating red and white blood cells in a sup- 
posedly normal monkey. At autopsy that animal was 
found to have pulmonary tuberculosis. Human beings 
with pulmonary tuberculosis have one form of sludged 
blood. An animal with microscopically visible pathologic 
conditions of its vessel walls or precipitated-agglutinated 
circulating blood cannot be considered a normal experi- 
mental animal (Clark and Oark,^" Knisely and Bloch 
Knisely, Bloch and Warner^). 

28. Florey, H. : Observations on the Resolution of 
Stasis in the Finer Blood Vessels, Proc. Roy. Soc., 
London, s.B 100:269 (Sept.) 1926. 


section microscope was focused on the tissue and fe 
area was then crushed by pushing and rubbing it ger.!!; 
against the end of the rod with the tip of a forefinger. 
The quartz rod is supported on springs (see Hoerr ’ ft: 
diagram) ; hence, it is not possible to exert much fora 
on the tissue by pushing the omentum against the red 
The tissue was pushed against it gently and rubbed bai 
and forth a millimeter or two, two or three times. 

There were ten significant results, as follows: 

1. As the finger was removed, it was found 
that the blood flowing through the dilated arterio- 
venous anastomosis (see fig.) was changin': 
from its normally fluid state to a rather stifi 
sludge. Fluid blood continually came in the 
arterial end of the vessel, and as it passed along 
a somewhat viscid glassy precipitate formed 
between and around the red cells of the moving 
column. This precipitate filled the space between 
the red cells and, like the mortar bet^veen brides, 
simultaneously held them apart and held them 
tightly together. Thus, the fluid blood was con- 
tinuallj' precipitated into masses of pasty sludge 
as it passed through this vessel of the gently 
crushed omental tissue. These masses were 
not rouleaux, although short rouleaux were often 
contained in them. The masses were groups 
of red cells bound together at all angles to each 
other by a nearly transparent, faintly straw- 
colored material. By microscopic standards, this 
material was very viscid and coherent. For 
at least an hour, all the blood passing through 
this vessel changed to a sludge as thick as freshly 
formed stage III P. knowlesi malaria sludge. 
The arteriovenous anastomosis was dilated to a 
little less than twice the diameter of the mon- 
key’s red cells; the pressure in it was high and 
the flow through it veiy rapid. Thus, for 
at least an hour one small vessel of the injured 
area was pouring a continuous rapid sma 
stream of thickly sludged blood into the general 
circulation. 

2 One small venule (TF in the figure) was 
thrombosed. It was sofldly plugged with a mass 
of precipitate and red cells formed while the 
area was being crushed. This vessel had no 
flow through it; consequently it was not pouring 
sludge into the vascular system. 

3. Other small vessels but a few tenths of a 
millimeter from the crushed area contained nor- 
mal blood flowing normally. 

4. No vessel wall ruptured; there \vas no 
diapedesis of red cells or hemorrhage into this 
particular injured area. 

5. There was no visible hemoconcentration of 
the red cells passing along any of the vessels 
of this area; these local vessels were not leaking 
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significantly, probably because all the vessels 
of the area rvere by microscopic standards fairly 
large; arterioles, arteriovenous anastomoses and 
venules of this size have substantial, smooth mus- 
cle coats. 

6. At tlie moment the finger rvas removed 
from the tissue, few if any white cells were stick- 
ing to the walls of injured vessels. However, 
many of those brought in by the flowing blood 
adhered to the injured walls. Hence, in a few 
moments white cells had accumulated, one or 
two and even three layers deep and in irregular 
masses on injured endothelial surfaces (see the 
figure and consult E. R. and E. L. Clark*®). 


to determine the precipitation rate (Nygaard =®) , 
and (c) to record the scene for further study. 
The scene is somewhat underexposed, satisfac- 
torj' for research purposes or private showing 
but not for general distribution. 

Copies of this film were later spliced into loops 
for continuous projection to permit several per- 
sons to study tlie scene together, repeatedly, 
detail b}’ detail. The outline of the figure is a 
cine tracing of the scene, made by projecting 
the film onto a large sheet of draudng paper 
while an artist traced the outlines of the sta- 
tionar}- structures (Brown and Sheard ®®). Thus 
these outlines and the scale have about the same 
accuracy as a good camera luejda drawing. The 



Cine-tracing o£ a motion picture of blood flowing through crushed monkey omentum. Art, arteiy ; E, vein ; 
Al'A, arteriovenous anastomosis; FC, fat cells; Th, thrombosed venule; IVC, masses of white cells stuck on inner 
surface of injured venule; FB, fluid blood; PB, precipitated blood, and SLUDGE, masses of precipitated-agglutinated 
blood. Note the scale in upper left .Arrows show direction of blood flow. The details of the precipitated-aggluti- 
nated blood were added by the artist while studying a looped continuous projection of the scene. 


The adhering masses of white cells were contin- 
ually being bumped by wads of the rapidh' mov- 
ing sludge; from time to time masses of tliese 
white cells were forced loose from the vessel 
lining and carried downstream to the general 
circulation. 

This microscope field was then photographed 
on Kodachrome motion picture film at 24 frames 
per second and a Zeiss microscope scale photo- 
graphed tvith the same lens combination, in order 
(a) to measure the dimensions of the structures 
present, (h) to find out how long it was taking 
fluid blood to change to thick past}- blood, i. e.. 


following additional results were obtained from 
studies of the film. 

7. The blood was fluid at point FB and rather 
solidly precipitated at PB. The precipitation 
end point is not exact, however, nor exactly de- 
terminable from the scene. Nor was the pre- 
cipitation rate constant. Sometimes fairly solid 
precipitates were formed in blood which had 

29. Nygaard, K. K. : Hemorrhagic Diseases — Photo- 
Electric Study of Blood Coagulabilit}-, St. Louis, C. 
Hosby Company, 1941. 

30. Brou-n, G. E., and Sheard, C. : Measurements of 
the Skin Capillaries in Cases of Polyci-themia A'era and 
the Role of These Capillaries in the Production of 
Erythrosis, J. Oin. Investigation 2 : 423 (June) 1926. 
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passed but Jialfu'aj- from FB to PB. Xo Wood 
passed PB in the fluid state. Thus all the Wood 
changed from a fluid to a precipitated sludge 
as it moved approximate!}' TOO to 150 microns. 

8. By counting the motion picture frames dur- 
ing which a group of blood cells passed from 
FB half or all the way to PB, it was found that 
the precipitation occurred in from one eighth to 
one fourth of a second. This shows how fast 
such precipitates can form in a living animal 
(consult Nygaard -■') ; it does not, of course, 
mean that all such precipitates are formed so 
rapidly. 

9. As the precipitated masses formed, some 
of them rounded yp between points PB and PB 
and forcibly bulged the arteriovenous anasto- 
mosis; this is evidence that they were rather 
rigid, for an arteriovenous anastomosis of this 
size has a fairly strong smooth muscle wall, and 
at this time this one was partially contracted, i. e., 
in a tonic, not a flaccid, state. 

10. The motion picture shows clearly that as 
the precipitated masses passed out of the arterio- 
venous anastomoses they stuck together and 
rapidly piled up into larger cohering masses. 
Thus the outer surface of the freshly formed 
precipitate was sticky to itself. Fragments of 
these large masses ^vere intermittently torn off 
by the flowing blood and carried awa}’. At short 
inter\'als whole large masses passed into the 
efferent venule. Occasionally masses of white 
cells were carried awa}-. From the outlet orifice 
of the arteriovenous anastomosis, the sludged 
blood continually spewed out, piled up, agglu- 
tinated and passed on. 

Interpretations. — Obviousl}-, at this point this 
experiment can be appraised (1) according to 
its original purpose as a part of the malaria 
studies, an attempt to see what freshly formed 
fibrin might look like in the circulating blood, 
and (2) as an introduction to studies of the 
reactions of blood flowing through or beside 
injured tissues. 

Looking at this experiment as a part of 
the malaria studies, one can conclude that a 
material which could be fibrin or related to fibrin 
looks and behaves much like the stage III P. 
knowlesi malaria precipitate, and in consequence 
all malaria precipitates should be examined both 
chemically and immunologically (some fibrino- 
gens exhibit group and/or species specificities 
[Hektoen and Welker,*^ Kyes and Porter and 

31. Hektoen, L., and tt'elker, H. ; The Precipitin 
Reaction of Fibrinogen, J. Infect. Dis. 40 : 706 (June) 
1927. 

32. Kj-es, P., and Porter, R. T. : The Antigenic 
Properties of Fibrinogens, J. Immunol. 20:85 (Feb.) 
1931. 


Kenton ) to determine their relationships to 
the fibrins. 

About the time these observations were made 
Dr. Harrison Rigdon pointed out in a seminar 
on malaria that monke}'s dying of P. knowhi 
malaria sometimes presented conditions at au- 
topsy similar to Prof. Virgil DIoon’s descrip- 
tions of the observations at autopsy in cases of 
traumatic shock (see Moon’s 1942 summaiy and 
compare the findings he presented in his chap- 
ters IX and XI). Sludged blood occurs in a 
variet}’ of pathologic conditions and diseases of 
human beings (see Knisely-and Bloch ’). AVhen- 
ever the blood is sludged, the decreases in the 
rates- of flow through small vessels, caused by 
the resistance of the masses of the sludge to 
passage through the smallest vessels, are a func- 
tion of tile mechanical consistency of the sludge 
which is present Given a normal arterial pres- 
sure, the decreased rates of capillaiy flow caused 
b}' sludged blood are onh- indirectly and in part 
a result of the chemical sources of the sludge; 
the decreased flow rates are a direct result oi 
the mechanical consistency of the sludge which 
is present Thus sludges need not have identical 
chemical compositions to produce similar effects 
on (a) circulation rates and, consequently, ((’) 
rates of supply of ox}'gen to endothelium. 

Hence, the concepts about mechanisms causing 
death in monkeys during stage III of P. knowlesi 
malaria just outlined, iMoon's accounts of the 
obsen'ations at autopsy in cases of traumatic 
shock and the described obsen-ations in crushed 
monkey omentum suggested a working hypo- 
thesis about mechanisms which might cause death 
after crushing injuries. 

Seen as possible initiating factors in traumatic 
shock, the obser\'afions made in that microscope 
field in monkey omentum may be summarized 
as follows : 

In this one tissue: 

1. Crushing plus flow through a vessel in the 
crushed area yields a stream of sludge into the 
general circulation. 

2. Crushing plus thrombosis of a crushed ves- 
sel yields no sludge to the venous system. 

3. Flow without crush yields no sludge. 

Thus, after trauma, (a) local crush and ((>) 

flow through a vessel in the crushed area are 
both necessary and together are sufficient to 
yield a flow of sludged blood into the genem 
circulation. 

33. Kenton, H. B. : Species Specificity of Fibrinogen-=. 

J. Iramunoi. 25: 461 (Dec.) I9j3, 

34. Moon, V. H.: Shock; Its Djnamics Occurrence, 
and Management, Philadelphia, Lea & Febigcr, 
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4. For a time after the crush, the rate at which 
sludge is poured into the venous system can 
be as fast as the rate of flow through an open 
vessel in the crushed area. 

5. This sludge can be formed in an area from 
which or into which there is (a) no hemor- 
rhage and (/>) but little loss of plasma through 
injured vessel walls. 

6. When first formed, some of the masses have 
sufficient internal rigidity to bulge the walls of 
the vessel through whicli they are being forced; 
if not changed, such masses would resist passage 
through capillaries. 

7. When first formed, the outer surfaces of 
the precipitated material are stick}- to each other ; 
hence, if not changed, masses coated with this 
material must, whenever tliey touch each other, 
tend to stick together and form larger masses. 

8. The precipitated material contains er}-thro- 
cytes and may be ingestible by the phagocytes of 
spleen, bone marrow and liver. If the ma- 
terial is phagoc}-tosed, the contained eiythro- 
cytes would be removed from the circulatorv 
system and destroyed. 

Working Hypothesis . — Putting tliese bits to- 
gether, one can formulate a working hypothesis 
about meclianisms which might cause death after 
crushing injuries. This hypothesis can perhaps 
best be stated as a set of general questions, as 
follows : 

1. Can the crushing of tissues cause the release 
of substances from the crushed tissues which can 
cause the precipitation and agglutination of blood 
flowing through or beside the crushed tissues? 

2. Can the crushing of gross regions of the 
human body or of specific tissues or organs initi- 
ate processes which can change all the circulating 
blood to a sludge whose masses are large enough 
and rigid enough to retard the flow in small 
vessels enough to cause them to become anoxic 
and leak? 

3. From crushing injuries alone, can the cir- 
culating blood be changed to a sludge which 
resists flow through small vessels enough to 
cause rapid local fluid losses all over the bodv 
plugging of vessels' with agglutinated masses, 
decreasing circulating blood volume, failure of 
venous return and deatli? 

4. Following trauma, does rapid ingestion of 
coatings containing red cells by the phagocytes of 
liver, bone marrow and spleen (a) contribute 
to decreasing the total numbers of circulating 
red cells and (f?) assist in causing progressivelv 
decreasing circulating blood volume? 


5. In many injuries, hemorrhage and trauma 
are of course both present. Can the.'c sludge 
mechanisms contribute to the decreasctl venous 
return in animals and human patients who 
have suffered combinations of hemorrhage and 
trauma? 

These five questions define the broad outlines 
of the problem. Note that the questions deal 
with (a) concepts of chemical reactions, (b) 
concepts of degree and (r) concepts of rates. 
The rest of this paper is an attempt to find the 
beginnings (V the answers to the first of tliese 
questions. 


Reflections About the First General Question. 
— Consider the first general question in the afore- 
mentioned series. Obviously this question needs 
subdi%-iding. for it contains or implies questions 
such as these: 

-Are the precipitation and agglutination of the 
blood flowing past the injury due to tlie libera- 
tion of one or more diffusible substances from 
injured tissues? Is the same diffusible substance 
released from each crushed tissue r \Miat ac- 
tors determine the rates of release of the dit- 
fusible substances? If such diffusible substances 
are released from injured tissues, do the} a na}S 
react and then become inactive at or veiw near 
the site of injur}-, or may they be earned in 
the circulating blood for a time and act later, 
after they have accumulated to or above some 
threshold concentration.' That is. ma\ some 
one or more of such diffusible substances act 
immediatelv and some accumulate m solution in 
the circulating blood for a ume after an injury- 

j , ^ . . . ^ „i,,ncrpq in tlic mcchanical con- 

and later initiate changes m ^ _ 

sistenev of the circulating 


blood ? 


These questions 


cannot at present be tested 


directlv, but. as a first step in finding the answers 

to them, the folloiving questions can be asked, 

, - 1 • u ,-fin be tested bv direct methods, 

each ot which can 

(a') Which tissues or organs cause sludging 

r , j „ftpr thei' are crushed ? 
of the blood alter me 

lb') ^^■hat are the diaractenstics ot the sludge 
j I,,- the crushing of each tissue? Are 
th^ s”Sges' thus produced alike or visibly dif- 
ferent ? . . 

^ \ lUnw slight an iniurv causes sludsin? of 

f/l) What degree of severit}- of injur}- is 
present after tissue is crushed? What happens 
after each ? 

For how long a time after a tissue is 
crushed does the sludging of the blood continue? 
What factors determine the duration of this 

process .' 
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(/) What factors determine and limit the rates 
of production of sludge and the duration of 
the production of sludge after a mechanical 
injur}’-? 

II. E.rpe>i])w>ifal Crushing of M oitse Striated 
Alusdc . — The purpose of this experiment was 
to find the effects of slight trauma to a. muscle. 

An adult male mouse was anesthetized with 1.2 mg. 
of pentobarbital sodium in 0.4 cc. of water given 
subcutaneously. Its fur was then brushed lightly with 
a little petrolatum to (a) hold the ends of the hairs 
together to prevent cut hairs from being blown onto 
the exposed tissues and (b) to cause the animal to 
shed the Ringer solution escaping from illuminated 
areas. A. cut was made w’ith scissors through the skin 
transverse^' across the anterior abdominal wall about 
halfway between the xiphoid process and the symphysis 
pubis, and a midline incision led from this back toward 
the pubis. The skin retracted in all directions by its own 
elasticitj', exposing a roughly triangular area of the 
lower abdominal musculature. During the cutting, the 
scissors were closed slowly, a procedure which crimps 
and thromboses small cut blood vessels, thus decreasing 
the number of small hemorrhages (Knisely, Bloch and 
Warner -*). The cut edges of the skin were examined 
by reflected light at 32 diameters for clots and hemor- 
rhages. One small arteriole had bled enough to yield 
a clot shaped like a doubly conve.x lens, about 2 mm. 
in diameter and 0.5 mm. thick ; otherwise no blood was 
lost. The surface of the e.xposed abdominal musculature 
was then examined at 32 and 48 diameters to see whether 
the operation had initiated precipitation and agglutination 
of blood flowing through small vessels of the area. No 
sludge was seen, probably owing to our inexperience; 
many times since then we have seen sludging of the blood 
passing through some of the superficial vessels of such 
freshly exposed areas. 

By cautery, a paramesial slit about 4 mm. long was 
made bloodlessly through one side of the exposed muscle. 
The quartz illuminator tip was then inserted through 
this slit and an area of striated muscle brightlj' trans- 
illuminated for microscopic stud}'. The musculature of 
the lower anterior body wall was about 1 to 2 mm. thick. 
Thus this 'preparation provided several square centi- 
meters of thin, nearly intact, living striated muscle for 
experiments. 

The small vessels within the muscle itself, which are 
deeper than the superficial vessels and thus less exposed 
to injury during retraction of the skin, were then 
examined at 48 and 96 diameters for evidences of trauma ; 
none were seen. The vessel pattern is that described in 
striated muscle by Spalteholz in 1888.^° The blood flow- 
ing through the arterioles, capillaries and venules of the 
muscle was not agglutinated; the red cells were all free 
from each other; no white cells were sticking to vessel 
walls, nor did the ^\'alIs exhibit any pathologic dilatations 
or sacculations. There was no visible hemocentration of 
the blood flowing through any of the vessels of this 
muscle, and no small hemorrhages, clots, thrombi or 
emboli were present in the muscle. These observations 
are the first controls for the follou-ing e-xperiments. 

Next, a small area of the muscle was traumatized as 
gently as could be done without special microdissection 

35. Spalteholz, W, : Die Yertheilung der Elutgefasse 
im lluskel, .Abhandl. d. math.-phys. Cl. d. k. sach. 
Gesellsch. d. IVissensch. 14:307, 1887-1888. 


equipment. To do this, the illuminator tip was raisK 
against the inner surface of the muscle and then fe 
muscle directly over the tip was compressed and panir 
crushed with one firm wiping motion of a small, smooi. 
round-edged forceps handle. The injured area uz; 
about 3 mm. in diameter; the muscle was about 1 nrt 
thick at this point. 

As noted, the injurj' w'as kept as slight as possible 
MTien the forceps handle had passed, the muscle was 
not left crushed out of shape, as after the remos-al oi a 
hemostat As the pressure was rewored, the niasdt 
fibers assumed their normal cj'Iindric shapes again ; tier 
showed no visible injuries at 96 diameters’ magnificatks. 
The muscle w'as injured at 4 :30 p. m. ■ The injured ares 
was then observed continuously for the duration of the 
experiment, four hours and fen minutes. 


Results: Immediately after the trauma. there 
were three clearly recognizable zones as folloivs: 

1. Two postcapillar}' venules in the center oi 
the injured area were plugged w'ith a precipi- 
tated-agglutinated mass formed during the in- 
jur}'. No blood Avas passing through these ves- 
sels ; hence they were not pouring sludged blood 
into the general drculation. 

2. The afferent capillar}' ends of all otlier 
small venules in the injured area w'ere recriving, 
normally fluid blood, and precipitated-aggluti- 
nated (sludged) blood was flmving from tlicir 
efferent ends into the next larger venules, 

red cells could easily be seen agglutinating into 
firm masses as they passed through the venules 
in tire damaged area. This was a very slight 
injury, yet all the blood flo-wing through tlie 
injured area was coming out as sludged blood. 
The sludged blood did not seem to flow mucli 
more than one fourth as fast as did the norm 
blood in vessels of comparable size in a<yacent 
uninjured areas. White cells were sticking to 
the walls of those venules in the danmged area 
through which blood was flotring. Groups of 
them amassed and then broke loose and n ere 
carried downstream. Irregular dilatations, bulges 
and sacculations developed in the \\a s o in 
jured vessels, but the Avails did not w^ken 
enough to permit diapedesis of ® 

orrhages (E. R. and E. L. Clar ' ) . 

3. The blood floAving through the vessels of the 
contiguous, untraumatized muscle and through 
untraumatized muscle in neighboring microscopic 

fields was as normal as before. (This is both 
an obsen'ation and a control.) 

The sludge being formed in the slightly in- 
jured mouse muscle did not have the same con- 
sistency as that formed in the crushed monkey 
omentum: the clumps or red cells were smaller, 
more fragile and less sticky to each other than 
those formed in the monkey omentum. 
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At 6 p. 111 ., ninety minutes later, the following 
obseri'ations were made: 1. The plugs were 
still present in the two thrombosed venules. 

2. The damaged area was still pouring sludged 
blood into tlie smaller veins which drained it. 

point was found where a venule which came 
from the damaged area joined one which came 
from an area of undamaged muscle. Here the 
experiment and the control were present in one 
microscope field; it was easy to compare the 
sludged and the normal blood. There were no 
free individual cells in the blood passing out of 
the venule draining the damaged area; all this 
blood was precipitated and agglutinated into a 
sludge. 3. No fivO red cells were sticking to- 
gether in tlie blood from the uninjured area ; all 
were free, each turned over by itself unattached 
to any other — that is, normal blood was flowing 
through normal vessels in adjacent untrauma- 
tized areas of the muscle. 

At 6: 15 p. m. blood passing through the 
injured area was still changing to a sludge. At 
this time, however, there began to be a change. 
Some of the smallest venules in the injured area 
had almost normal blood for a few minutes and 
then sludged blood again. The sludge was being 
formed intermittently, and the sludge being 
formed was softer, i. e., the clumps had a fluffy, 
feathery diaracter rather than a firm, rigid tex- 
ture. The area was still pouring sludge into the 
venous S3'Stem, but there had been a definite 
decrease in rate of production of sludge, and that 
produced might better be called a “slush” than 
a sludge. 

It seems reasonable to assume that whatever 
had been initiating the production of sludge was 
not reaching or acting in the blood flowing 
through the injured area as rapidly as during 
the first ninet}" minutes after injuiy. 

At 6 : 30 p. m. the following observations were 
made. 1. The plugs were still present in the 
two thrombosed venules. 2. The blood flowing 
through the injured area was still changing con- 
sistencj’. The sludge formed was less pasty than 
that formed at first. It was softer, the clumps 
were more plastic and the rates of flow through 
these vessels were increasing, approaching the 
rates through vessels of similar size in the neigh- 
boring undamaged areas. The walls of the 
venules in the injured area were lined with 
sheets of white cells all rolling along the inner 
surfaces of the endothelium (E. R. and E. L. 
Clark It seemed probable that this injured 
area would not form sludge much longer. 

3. Normal, unagglutinated blood was coming 
from the uninjured areas. 


At 7 : 30, three hours after the injury, these 
observations were noted: 1. The rivo venules 
originall}- thrombosed were still plugged up. 
2. Patches of slightly agglutinated blood were 
forming at irregular interv'als in blood flowing 
through the injured area. 3. Normal blood was 
coming out of the uninjured areas. 

At 7 : 40 the same area was retraumatized 
by one light wiping stroke of the forceps handle. 
Immediatel}' the blood flowing through the area 
became thick and pasty again. This shows that 
the substances which initiate sludge formation, 
or their precursors, were not all gone from the 
injured area. 

At 7: 55 p. m. the following obsen-ations were 
made: 1. Thrombosed vessels were still throm- 
bosed. 2. Blood flowing through the injured 
area was still changing to a stiff sludge. 3. Nor- 
mal blood was coming out of venules of neigh- 
boring uninjured muscle. 

At 8:15 p. m. there was no change. 

At 8 : 40 p. m. these observations were made : 

1. Thrombosed vessels were still thrombosed. 

2. All the blood flowing through the injured area 
was changing to a sludge and passing into the 
venous system. 3. Normal blood was coming 
from uninjured areas. The experiment was dis- 
continued. 

Summary of This Experiment ivUh Crushed 
Mouse Muscle. — 1. A light injury to mouse 
striated muscle caused precipitation and agglu- 
tination of the blood flowing through the injured 
area. Crush and flow through the crushed mus- 
cle were both necessarj', and the two together 
were sufficient to produce a flow of sludged 
blood into the general circulation. 

2. The precipitate was probably being formed 
in' less than half a second. 

3. For about one and three-fourths hours after 
the injur)-, the rate at which sludged blood was 
poured into the venous system was as fast as 
the rate of flow through the crushed area. 

4. For the next one and one-fourth hours a 
progressively decreasing fraction of the blood 
flowing through this area changed consistent:)-. 

5. The clumps formed in the first period were 
fairly tough and rigid; those formed in the 
second period were increasingly plastic, flexible 
and fragile. 

6. The visible sludge formed rapidly before 
the blood left the field being observ-ed. This 
observation does not mean that all the sludge 
initiator substances reacted and became inactive 
within the microscope fields observ-ed. Initiator 
substances which might be able to cause changes 
in the blood at some later time and distant place 
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maj- have been carried out of sight into the 
general circulation. 

7. Retraumatization of the area reinitiated the 
formation of rather rigid clumps. This shows 
that the precursors of the initiator substances 
or the initiator substances themselves were not 
all gone from the area at the end of three hours, 
and it strongly suggests (a) that traumatized 
men should not be moved an}' more than neces- 
sar}' and (h) that when necessary to move them 
tliey should be moved as gently as possible to 
minimize the reinitiation of release of sludge 
initiator substances from previously traumatized 
tissues. 

8. After retraumatization, the area poured 
sludged blood into the venous system for at 
least an hour. 

9. The foregoing reactions occurred — hence 
can take place — in the absence of diapedesis of 
red cells or of hemorrhages or local hemoconcen- 
trations and fluid loss at the sites of injur}’. 

COMMENT 

One experiment with crushed monkey omen- 
tum and one with crushed mouse striated mus- 
cle have now been described in detail. 

In many other experiments on mice, larger 
single areas of striated muscle have been crushed 
and areas have been subjected to harder crushing, 
the most severe consisting in clamping a mos- 
quito hemostat onto an area so tightly that on 
its removal the mashed muscle retained the im- 
pressions of the instrument’s jaws and no blood 
flowed through the crushed area again. 

The intestines of mice have also been crushed, 
sometimes lightly, sometimes more heavily. 
After all such injuries to the striated muscles and 
to the smooth muscle walls of the intestines of 
mice, three regions of each injury may be dis- 
tinguished : 

1. A region in which the small vessels are 
tlirombosed. This region may be of any size, 
depending on the size of the instruments between 
which the tissue is traumatized and the force 
with which the tissue is crushed. This region 
pours no sludge into the venous system so long 
as its vessels are thrombosed. 

2. A region at the side of or surrounding the 
first, a partially crushed region, in which the 
tissue is injured but through which blood is still 
flowing. This partially crushed region ma}' be 
called the “sludging zone.” Each small venule 
of this region pours sludged blood into the 
venous st-stem. 

3. region at the side of or surrounding the 
partially crushed sludging zone in which the 


tissues have not been injured enough to cause 
precipitation and agglutination of the blood flou- 
ing through them. 

These regions are present in tissues which 
have been injured enough to cause transudation 
of plasma, diapedesis of red cells and hemor- 
rhages (E. R. and E. L. Clark and Phemis- 
ter®”), as well as in areas with lesser injuries. 

Very slight injuries may have very small 
thrombosed zones. Heavier injuries have larger 
thrombosed regions. After delicate mouse mus- 
cle has been clamped with a strong hemostat 
and the hemostat then removed, the crushed 
and thrombosed zone is as large as the area of 
the jaw of the hemostat and the partially crushed 
sludging zone around it frequently is \ery 
narrow.^’ When a simple hard crush is made 
with a snjall hemispherical instrument, the 
thrombosed region is in or near the center of 
the crushed area, the sludging zone surrounds 
this and normal-appearing muscle containing 
normally flowing blood surrounds the sludging 
zone. 

The edges of laparotomy incisions have been 
examined in many mice and in several ' rhesus 
monkeys. The sludging of blood passing in close 
proximity to the edges of laparotomy incisions 
can be seen w'herever the tissues can be trans- 
illuminated and a microscope focused on the 
small vessels. All along each edge of each inci- 
sion is a tlirombosed zone. The cut and crimped 
ends of vessels are thrombosed. But where small 
vessels pass in close proximity to the injured 
tissue or through the injured tissue, the blood 
changes to a sludge as it passes through them. 
The tags of tissue at the edges of jagged lapa- 
rotomy incisions often contain high proportions 
of partially crushed tissue. 

When striated or smooth muscle is crushed 
with irregular objects or w'hen multiple small 
crushes are made, thrombosed areas, partially 
crushed sludging zones and normal areas are all 
present, intermingled in various patterns. All 
the injuries we have studied have had each of 
•the three zones. The degree of crush and the 

36 . Phemister, D. B.: The Mechanism and Manage- 
ment of Surgical Shock, J. A. M. A. 127: 1109 (April 
28) 1945 , 

37. Advantage is now being taken of this fact in 
designing surgical technics for laboratorj' experiments. 

By using clamping and cutting procedures which keep 
the sludging zones very' narrow, laparotomies can be 
performed in mice and monkeys without causing ani 
microscopically detectable change in the consistency ot 
the blood flowing through the eye vessels. So little 
sludge is produced that it does not appear in the general 
circulation in detectable amounts (Knisely, Stratman- 
Thomas, Eliot and Bloch® and Knisely, Bloch and 
Warner =»). 
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pattern of the injury determine (a) the total 
volume of injured tissue and (b) the relative 
proportions of the thrombosed and partiall}’ 
crushed or sludging zones. 

The amount of partially crushed tissue varies 
from injur}- to injury, but in each case it is the 
partially crushed tissue which pours sludge into 
the venous system. The amount of such parti- 
ally crushed tissue present after an injur}- de- 
pends on the size and shape of the instrument, 
on the pressure applied and on the size and shape 
of the structures ■ which supported the injured 
tissues. 

From these observations, it seems probable 
that when they are crushed kriated and smootli 
muscles release substances capable of diffusing 
in through the vessel walls and reacting rvith 
constituents of the blood flowing through the 
patent vessels. 

From the observations it seems probable that 
the maximum amounts of initiator substances 
reach the blood from partly crushed tissue, that 
is, from regions injured enough to release the 
initiator substances but not injured enough to 
tlirombose the enclosed vessels. The edge of 
a thrombosed region may of course be contribut- 
ing initiator substances to a contiguous parti} 
crushed region. 

The sludge formed at the site of the injuiy- 
is formed rapidly, before the blood leaves the 
field being observed, but this does not mean 
that all the sludge formed necessarily is formed 
at the site of the injur}-. Excess initiator sub- 
stances which might be able to cause changes 
in the blood at some later time and distant place 
may well be being carried out of view into the 
general circulation. The observ-ations reported 
thus far were made in mammals, but some 
observations made in amphibians (frogs and 
salamanders) may have a bearing on this point. 
In these animals an extensive operation done 
\\-ith care to prevent loss of blood (Knisely, 
Bloch and Warner “), but without care to pre- 
vent partial crushing of tissues at the edges of 
incisions, is often followed by a slow increase 
in the viscosity of the plasma of all the circulating 
blood. In these animals a visible sludge may or 
may not form at the sites of injur}-. It seems 
reasonable to assume that in these amphibians 
initiator substances are carried into the general 
circulation before producing a \-isible change in 
the blood. Hence, by analog}- it seems possible 
that in mammals excess initiator substances 
released at the sites of injur}- are being carried 
out of view into the general circulation. Such 
substances could cause further changes in the 
circulating blood and/or help bind masses of 


sludge together into larger masses whenever they 
accumulate to or above some threshold concen- 
tration. This is not altogether an academic 
speculation; it may have a practical aspect, for 
transfusions given animals or men during or 
after the accumulation of such substances in the 
circulating blood must, among other things, 
dilute tlie initiator substances. 

It seems reasonable to suspect that the initiator 
substances might be related to the substances 
capable of initiating blood clotting. If this is 
true, then sludge initiator substances should be 
released from many different injured tissues 
and organs of vertebrates. 

The outer surfaces of the erythrocyte-contain- 
ing masses formed in blood flowing through 
crushed tissues are not conspicuous!}- different 
either in appearance or in obser\'ed behavior 
from the coated, red cell-containing masses 
formed in monkeys TOth P. knowlesi malaria. 
Hence, (a) the P. knowlesi malaria precipitates 
should be examined both chemically and im- 
munologically to determine whether they are 
monkey fibrin or related to fibrin and (b) the 
precipitated' coatings with their contained red 
cells formed in blood flowing through crushed 
tissues may be ingestible by phagocytes of spleen, 
bone marrow and liver. In monkeys -with 
malaria, this mechanism destroys blood rapidly 
(Knisely, Stratman-Thomas, Eliot and Bloch®). 
Thus the phagoc}-tosis of coated red cells may 
\vell contribute to the removal of blood from the 
vascular system after a traumatizing injur}- and 
to the anemia which not infrequently follows 
operations (Knisely, Bloch and Warner-^). 

A bit of sludge can reach the general circula- 
tion only by being carried into the venous system. 
Hence sludged blood can come from one minute 
injured area into the general circulation no 
faster than the flow through the venules which 
drain the injured area. These facts are import- 
ant when one is considering the mechanisms of 
the crush syndrome (review and bibliography by 
B}-waters ®®). 

The volume of sludge produced by the parti- 
ally crushed area drained by one small venule 
may be expressed as the summation of volumetric 
rates of flow through the venule during the peri- 
ods while sludge is produced. Hence, by induc- 
tion, the amount of sludge produced by any 
partially crushed area is equal to the summation 

38. Bj-\vaters, E. L, G. : Ischemic Muscle Xecrosis : 
Crushing Injurj-, Traumatic Edema, the Crush S>-n- 
drome. Traumatic .Anuria, Compression S}-ndrome ; a 
Type of Injury Seen in .Air Raid Casualties Following 
Burial Beneath Debris, J. .A. M. .A. 124:1103 (April 
15) 19-14. 
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of the amounts produced in eacli small venule 
of the area through which blood is flowing. Thus 
after injury' the rate at which sludged blood is 
poured into the general circulation should be a 
result of (a) the volume of the partially crushed 
tissue and (b) the rates of flow of blood from 
the partiall}' crushed area into the venous system. 
The total amount of sludge produced should be 
the result of these t^vo factors and (c) the dura- 
tion of the periods during which the sludge is 
produced by the injured area. 

The amount of coated agglutinated blood cells 
(sludge) in the vascular system at any time must 
be equal to the amount produced up to that time 
minus the amount removed or destro 3 'ed or 
resolved into normal blood. More usefully 
expressed, the amount of sludge in the vascular 
system at any moment must be equal to the 
summations of the rates of production minus 
the summations of the rates of removal, destruc- 
tion and disintegration up to that moment. Thus 
sludged blood should accumtdate within the 
vascular system during the periods when the 
rates of production are greater than the rates 
of removal and resolution. If one' injury or a 
group or series of injuries were large enough 
and the flow through their sludging zones fast 
enough, it should be possible to change all the 
circulating blood to a thick, mucklike sludge 
(Knisely and Bloch 

Microscopic studies are now an indispensible 
part of macroscopic studies of the circulatory 
system. At present it is not possible to determine 
with certainty by means of any known sign, 
s)’mptom, blood pressure reading, k}'mograph 
record, sedimentation rate determination or other 
macroscopic indicator or by examination of his- 
tologic sections whether an experimental animal 
has, or has had, precipitated-agglutinated blood. 
Consequently, (a) it is not now possible to know 
that the. blood was not precipitated and aggluti- 
nated to a circulating sludge in any previous 
experiment involving traumatic injuries and 
(b) it is not possible to cariy out analytic experi- 
ments to determine the mechanisms operating in 
traumatic and other forms of shock or to deter- 
mine the mechanisms operating in other experi- 
mental pathologic conditions without having 
continuous or closely spaced microscopic ob- 
servations of the circulating blood as controls 
to determine whether and to what degree pre- 
cipitation and agglutination of the blood is a 
part of the induced pathologic change. The ‘'e 3 -e 
method” outlined in the methods section of this 
paper permits microscopic control of many types 
of gross physiolog}- e.xperiments. 


The study of blood flowing past a minute local 
lesion may be useful for finding the sources of 
the substances which precipitate and agglutinate 
the blood in other pathologic conditions and dis- 
eases. Sludges, having various physical char- 
acteristics, have now been seen in human patients 
with diagnoses of about forty different patlio- 
logic conditions and diseases (Knisely and 
Bloch ^). In each of these, the sources of the 
initiator substances must be found, ilicroscopic 
study of blood flowing past minute local lesions 
is one method of hunting for the sites of produc- 
tion of initiator substances. The technic should 
be used to study (a) small thermal bunts, (h) 
small radium burns, (c) small roentgen ray 
burns, (d) small lesions caused by various chem- 
icals, (c) small lesions of tuberculosis in ex- 
perimental animals, (/) small areas inoculated 
through microneedles with various bacteria, (p) 
small neoplasms of all the kinds which can be 
obtained in experimental animals, (h) the sites 
of development of extraerythrocy-tfc plasmodia 
in the malarias in which these occur and (f) the 
points of attachment of hooktvorms. trichina 
cysts, liver flukes and other parasites. New 
toxic substances or previously^ unknown effects 
of previously known toxins may be found 
(Youngner and Nungester The point is to 
get to the site of the lesion in vivo with ade- 
quate operative technics, light, temperature con- 
trol and lenses. 

SUMMARY AX'D COXCLUSIOXS 

For distribution of emphasis, the summary 
and conclusions is dirided into sections on con- 
trols, methods and results of crushing injuries. 

1. Controls.— 1. The blood coming down the 
arterioles of each tissue is a statistically valid 
sample of all the flowing arterial blood in the 
body'. 

2. Most of the time, under most conditions, 
nearly all the circulating blood must, because of 
the anatomy and the dimensions of the living 
vascular system, pass through vessels having an 
internal diameter from about once to twice or 
at most three times that of the red cells on every 
trip around the circulatory system, 

3. In normal animals and men the blood cells 
are not agglutinated, the red cells repel each 
other slightly and the white cells do not stick 
to vessel walls. The walls of capillaries, post- 

39. Youngner, J. S., and Xungester, W. T. ; Effect of 
Tj-pe in Pneumococcus Polysaccharide and Gelatin 
OB Circulation and Sedimentation Rate of Ery throcy tes 
In Mice,!. Infect. Dis. 74:247 (yta.v-Junc) 1944. 
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capillary venules and venules do not leak enough 
to be detected by microscopic observation. 

4. Pentobarbital sodium in anesthetic doses 
does not cause intravascular agglutination of the 
circulating blood of IMacaccus rhesus monkeys. 

5. Xeitlier pentobarbital sodium nor sodium 
amytal in anesthetic doses causes intravascular 
agglutination of the circulating blood of mice. 

6. No single factor or combination of factors 
of the anesthetics used, the withdrawing of the 
monkey omentum or the brilliant transillumina- 
tion of tissues whose temperatures are main- 
tained at normal has caused intravascular agglu- 
tination of the blood. 

7. Laparotomies can be done with sufficient 
care to prevent general precipitation and agglu- 
tination of all the circulating Jjlood. 

8. Witli routine care, normal monke 3 ’s have 
been kept under pentobarbital sodium anesthesia 
and the circulation in abdominal viscera obserr'ed 
with microscopes without causing general intra- 
vascular agglutination of the blood or visible 
pathologic changes in the walls of small blood 
vessels for as long as fourteen to eighteen hours. 

II. Methods. — 1. A method is described for 
maintaining controlled pentobarbital sodium anes- 
thesia of monkeys by intrapleural injections; 
this is useful for maldng microscopic obseiva- 
tions of abdominal structures. 

2. Simple metliods are described for studying 
the vessels and blood of the eyelid, nictitating 
membrane and bulbar conjunctiva of experimen- 
tal animals not operated on and of those operated 
on. The methods have three obvious uses- 

(a) To assist in preselecting normal animals 
for experiments. As agglutinated blood is not 
normal, as agglutinated blood has already been 
found as a part of the pathologic change in about 
fort}- human diseases and as many of the organ- 
isms which affect human beings also affect ex- 
perimental animals, microscopic observations of 
the blood and vessel walls are a necessarj' part 
of the preselection of normal animals for experi- 
ments. 

{b) To make continuous obser^-ations during 
the course of experiments on intact animals not 
operated on to detennine the effects of various 
agents and procedures on the circulating blood 
and local vessel walls. 

(c) To make continuous obseiwations as con- 
— trols to be certain that during experiments de- 
signed with the intention of studj-ing normal 
animals no agent or procedure is causing 
mechanical changes in blood and/or pathologic 
changes in vessel walls. 


3. A method is described for studying the 
blood passing through vessels in or near a minute 
local lesion. The method should be useful for 
studying the blood passing through or near 
lesions caused by many different agents. 

III. Results oj Crushing Injuries. — 1. After 
a crushing injurj- to monkey omentum, smooth 
muscle of mouse intestine or striated muscle of 
a mouse, three zones ma\- be distinguished; 

(a) a thrombosed zone, (b) a partial!}- crushed 
or sludging zone and (c) a zone which is injured 
so little that the blood flowing through it under- 
goes no detectable change. 

(Pentobarbital sodium in monkeys and mice 
and sodium am}-tal in mice do not in an^thetic 
doses prevent the precipitation-agglutination of 
blood flowing through a crushed area.j 

Seen as possible initiating factors in traumatic 
shock, the observ-ations made in these tissues 
may be summarized as follows: 

2. Crushing plus flow through a vessel in the 
crushed area yields a stream of sludge into the 
general circulation. 

3. Crushing plus thrombosis of a crushed ves- 
sel yields no sludge to the venous system. 

4. Flow without crush }-ields no sludge. 

5. Thus, after trauma, (a) local crush plus 

( b) flow through a vessel in the crushed area 
are both necessary and, together, sufficient to 
yield a flow of sludged blood into the general 
circulation. 

6. After crush, precipitates can form around 
or between the moving blood cells in less than 
a second, while the blood is moving less than a 
millimeter. 

7. It seems reasonable to suspect that die 
sludge initiator substances might be related to 
the substances capable of initiating blood clot- 
ting. If this is true, then many tissues and 
organs of vertebrates should release such sub- 
stances when they are injured. 

8. At no time can sludged blood pass into the 
venous system faster than the flow through the 
crushed tissue. 

9. For a time after the crush, the rate at 
which sludge is poured into the venous s}-stem 
can be as fast as the rate of flow through an 
open vessel in the crushed area. 

10. Retraumatization of an area can reinitiate 
sludge formation in blood flowing through the 
area. 

11. This sludge can be formed in an area 
from which or into which there is (a) no hemor- 
rhage and (b) but littie loss of plasma through 
injured vessel walls. 
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12. This sludge is also formed in the partially 
crushed regions of areas injured severel}' enough 
to cause local transudation of plasma, diapedesis 
of red cells and/or hemorrhages through walls 
of injured local vessels. 

13. When first formed, some of the masses 
have sufficient internal rigidity to bulge the walls 
of the vessel through which they are being 
forced ; if not changed, such masses would resist 
passage through capillaries. 

14. When first formed, the outer surfaces of 
the precipitated material is sticky to itself ; hence, 
if not changed, such masses must, whenever they 
touch each other, tend to stick together and form 
larger masses. 

15. The outer surfaces of the red cell-con- 
taining masses formed in blood flowing through 
crushed tissues are not visibly different in ap- 
pearance or in observed behavior from the coated 
red cell masses formed in monke 3 'S with P. know- 
lesi malaria. 

16. Hence, the precipitated coatings with con- 
tained red cells formed in blood flowing through 


crushed tissues may be ingestible by phagoate- 
of spleen, bone marrow and liver. In monkei-: 
with malaria, this mechanism destroys Wood 
rapidlj". 

17. During periods when the rates of produc- 
tion of sludge are faster than the rates of remora! 
and/or the resolution of sludge, sludged Wood 
should accumulate under the vascular system, li 
one injury or a group or a series of injuries were 
large enough and the flow through their sludging 
zones fast enough, all the circulating blood should 
should change to a thick, mucklike sludge. 

One of our problems consists in attempting to present 
material which can be recorded only in motion pictures 
in conventional published form. A single frame from a 
motion picture seldom contains sharp enough detail for 
publication as a still picture, and no still photograph 
records or gives the impression of continuous processes. 
The figure in this paper was designed to retain in sharp 
accuracy the dimensions of the Hying stationary struc- 
tures and,- in addition, give an impression of the rapid 
movement of the \-essel contents. The figure was made 
by Dock Curtis, artist and medical student, amid a gen- 
eral feeling that it could not be done. 
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Of all the complications following surgical 
procedures, tliose involving the lungs are among 
the most feared and the most commonly reported.' 
The incidence of atelectasis has been variously 
reported as causing from 3 to 70 per cent of all 
postoperative complications, with 40 per cent 
mortality among the persons affected.- In oper- 
ations of the upper part of the abdomen the mor- 
bidit}' from respirator}- complications is said to 
he about 10 per cent.- At the Kansas Cit}- Gen- 


with carcinomatosis, peritonitis, nephritis and 
other serious conditions. The' apparently larger 
number of deaths following the use of cyclo- 
propane is due to the fact that this is the 
anesthetic of choice at this hospital for patients 
who present a bad risk and for patients under- 
going long and shocking operations. It is felt 
that it is the safest agent to give these patients in 
serious condition on account of the rapid recov- 
ery period with the lower incidence of postopera- 


Table 1. — Rcstills i’ll Cttscs iit Which Anesthetic U'as Used 


Respiratory Gomplicatlons, 
Number of Cases 

Number , ^ \ 

of Atelec- Pneu- 

Cases Collapse tasls mouta 


Spinal 71S 2 7 14 

Cyclopropane SIO 0 2 13 

Rther (open drop) 275 2 3 5 

Nitrous oxide-etber 19 1 0 10 

Cyclopropane-etber 100 2 3 s 

Nitrous oxide 136 9 0 3 

Pentothai sodium 53S 0 0 0 

isplnal-gas 102 0 0 3 


Total 2,704 0 15 51 


Respi- iIortality» Respiratory Complications» 

ratorj’ Number of (?ases ^ 


Compli- 


cations, 

Te 

Collapse 

Atelec- 

tasis 

Pneu- 

monia 

Collapse 

Atelec- 

tasis 

Pneu- 

monia 

3.1 

0 

0 

0 

0.2S 

0.9 

1.S 

1.6 

0 

0 

1 

0 

04?7 

1.6 

3.2 

0 

0 

1 

0.73 

1-09 

1.S 

57.9 

0 

0 

2 

5.3 

0 

52.6 

S.0 

0 

0 

1 

2.0 

3 

3 

2j* 

0 

0 

o 

0 

0 

2.3 

0 

0 

0 

0 

0 

0 

0 

3.0 

0 

0 

3 

0 

0 

3.0 

2.6 

0 

0 

24 

0.22 

0.53 

1.S 


To summarize this table, in 022 per cent of all cases in which an anesthetic was used there was massive 
collapse of the lungs; in 0.55 per cent atelectasis and in 1.8 per cent pneumonia, with an ultimate mortality of 

0.88 per cent for all cases in which an anesthetic was used (33 per cent of the total morbidity from disease of 
the respiratorj- tract.) 


eral Hospital during two years in which careful 
records have been kept, the incidence of mor- 
bidit}- and mortalit}- from respirator}- complica- 
tions is seen to be much lower (tables 1 and 2).“ 
All patients with atelectasis and massive pul- 
monar}' collapse in this series recovered speedily. 
Pneumonia was named as the cause of death 
or was associated with other causes in 24 of 125 
postoperative deatlis. In most cases the pneu- 
monia occurred as a terminal process a number 
of days following operation and was associated 

Read before the Kansas City .Academy of Anes- 
thesiology, Kansas City, Mo.. May 2, 1945. 
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T.able 2. — Percentage of All Cases Hazing Post- 
operatiz-e Complicaiions 




Cycio- 


Pento- 


Drop 

pro- 


Nitrous 

tbol 


Ether, 

pane. Spinal, 

Oxide, Sodium, 



/C 

.c 

/C 


Nausea and emesis. 

47 

2S 

17 

15 

11 

Distention 

5 

S 

10.9 

2 

0 

Catbelerizatlon and reten- 






tion 

21 

14 

15 

IS 

4 

Tachycardia 

32 

IS 

20.3 

11 

5.S 

Pneumonia 

1.S 

1.7 

2.0 

2.0 

0 

Atelectasis 

1.CO 

0JJ7 

0.0 

0 

0 

Massive collapse 

0.73 

0 

0.2S 

0 

0 

Pall in blood pressure 





without shock 

3.S 

3.4 

1.0 

4.0 

0 

Shock. 

5.0 

1.4 

2.0 

0 

0 

Headache 

5.0 

6.0 

5.7 

0 

“? 

Other complications, as 






■wound infection, neuritis 






cough, irrational, em- 






holism, etc 

5.0 

10.0 

2j.7 

2 

5.3 

tive complications 

of all 

types. 

- the high 

per- 

centage of ox}-gen 

which 

it is 

possible to 

give 


during the administration of the anesthetic and 


the lack of injury- to the liver or kidneys or of 
other' pathologic damage. Many of these patients 
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alread}' had nephritis, peritonitis, pathologic con- 
ditions of the lung or cardiac decompensation, 
and the morbidity and mortality from respiratory 
complications in these cases cannot be con- 
sidered as primarily due to the anesthetic agent. 
At the other extreme, ether is not given at this 
hospital, exclusive of operations on ear, nose and 
throat, except to patients who are in excellent 
condition. The more frequent respirator)' com- 
plications following the use ,pf - ether, either by 
itself or in combination with one of the .gases, are 
thus due directly to the anesthetic agent, because 
of its irritating effect on the lung tissue, .with 
stimulation of bronchial secretions, production of 
a high percentage of nausea and vomiting, with 
attendant danger of aspiration, and a __long^ re- 
covery period with depressed respiration. 

There have been man}' suggestions as to the 
cause of postoperative collapse.^ It is most likely 
to occur after operations high in the abdomen 
from splinting of the lower intercostal muscles 
or from pain, resulting in diminished aeration, 
and stagnation of mucous secretions.^ Pain from 
the incision in operations on the abdomen has 
been found to cause a 59 per cent depression of 
vital capacity by a reflex inhibition of respira- 
tion.® When' following operation on a k-idney, 
the collapse and atelectasis always occur on the 
opposite side from the operative site, probably 
because of interference with respirations by the 
elevation of the kidne}' rest and by accumulation 
of secretions on the dependent side. This is the 
case in the present series, with massive collapse 
of the left lung on the third day following a 
nephrectomy on the right side (case 1). 

Any patient with severe oral sepsis, chronic 
bronchitis or acute or chronic infection of the 
respirator}' tract should be regarded as a possi- 
ble candidate for postoperative collapse and given 
special treatment to attempt to prevent it.^ Most 
of the patients in this series who had a severe 
degree of pulmonar}' collapse had a pronounced 
oral sepsis. 

Excessive postoperative sedation should be 
avoided, as this raises the threshold of stimula- 

4. (o) JtcCall, J, W.. and Freeman, M. S. : Post- 

operative Atelectasis ; Presentation of Four Cises, 
Ohio State M. J. 38:546-530 (June) 1942. (6) Moore, 
A. E. : The Treatment of Postoperative Pulmonary 
.Atelectasis, Surgery 5:420-435 fMarch) 1939. (c) 

Gius, J. A. : Postoperative .Atelectasis and Related Pul- 
raonarj- Complications: Collective Review, Intemat. 
-Abstr. Surg. 71:63-78, 1940; in Surg., G>-nec. & Obst., 
July 1940. (d) Adams.' 

5. Marshall, J. M. ; Postoperative Pulmonary 
.Atelectasis, U. S. Xav. M. Bull. 42:601-606 (March) 
1944. 

6. Coller, F. .A., and Singleton, .A. O. : Postoperative 
Complications, South, Surgeon ll:S60-573 (Aug.) 
1942. 


tion of the cough reflex by accumulated secre- 
tions. Atropine or scopolamine should not k 
administered postoperatively, as it merely in- 
spissates the mucous secretion and prevents the 
patient from coughing it up. A tight binder or 
severe abdominal or bladder distention will re- 
duce the vital capacity and allow stagnation and 
accumulation of secretions. Preoperative seda- 
tion should not be excessive, as this, together 
with the use of cyclopropane, will seriously de- 
press the respiration and allow congestion and 
accumulation of secretions during a long opera- 
tion under deep anesthesia. Atropine and scopol- 
amine should not be given immediately preced- 
ing the anesthetic, but there should be an intenal 
of about forty-five minutes, at the end of which 
time these drugs reach their maximum anhidrotic 
effect. If given and followed immediately by the 
anesthetic, an excess of mucus will be formed 
owing to the effect of the anesthetic before the 
drugs have had time to reach their full effective- 
ness. Then later this mucus which has been 
formed during the first few minutes of the anes- 
thetic will be dried and remain in the bronchioles 
as a plug.^” This is well illustrated by case 3, in 
which scopolamine was administered and the 
cyclopropane-ether anesthetic started immedi- 
ately, the preceding operation haring. been can- 
celed and the surgeon being in an uncooperative 
mood and stating that it made no difference 
when the premedication was given. Dlassive col- 
lapse* of the lung followed twenb'-three hours 
later. 

The t}'pe of anesthetic appears to have more 
significance in this series than is usually attributed 
to it. Pulmonary complications followed 3.2 per 
cent of the inductions of anesthesia witli ether 
by the open drop method. Complications lol- 
lowing 3.1 per cent of the inductions of spinal 
anesthesia may be due to the paralysis of the 
lower intercostal muscles in the case of higi 
spinal anestlijesia.® However, in thij series, 
complications occurred just as frequently after 
the use of low spinal anesthesia. Postoperative 
position, especially for old people, is considered 
as more contributory than the average spina 
anesthetic, as the paralysis of the intercostal 
muscle produced by spinal anesthesia is worn 
away within four hours, except after use ot 
nupercaine hydrochloride or continuous spinal 
anesthesia.® 

Most interesting is the finding that ether com- 
bined with oxygen following induction of anes- 
thesia by nitrous oxide or cyclopropane produces 
a prohibitively high percentage of respirator}’ 
complications. This is due to the great irnta- 
tion by the ether of the bronchial mucosa, causing 
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mucus and obstruction; the high percentage of 
oxygen in this inspired closed ether atmosphere 
allows its almost immediate removal b}' the blood 
stream, leaving a collapsed lung behind one or 
numerous small obstructive masses of mucus. 

Cyclopropane was followed by the fewest pul- 
nionar}- complications as well as other tj-pes of 
complications, in spite of the fact that it is admin- 
istered to those patients already extremely ill 
but requiring operation. It causes a negligible 
amount of bronchial irritation and production of 
mucus.. In a few cases collapse follows admini- 
stration of cyclopropane, particularly when com- 
bined with a large dose of morphine, because of 
the depression of the respiration from the re- 
moral of the carbon dioxide to produce pur- 
posely a shallow respiration and a quiet 
abdomen for surgical intervention. 

Aspiration of blood or vomitus during or 
after operation is an important consideration 
also, as tills mai' plug the bronchioles. If the 
airwai* does not seem to be perfectl}' clear at the 
end of operation, this aspiration should be done 
before the patient is removed to the ward. 

The onset of pulmonan,- collapse occurs sud- 
denly, usually during tlie first three days, with 
pain in the chest, dyspnea and a sharp rise in 
temperature and in pulse and respiration rates. 
The patient is usually found sitting up in bed, 
anxious, dyspneic and cyanotic. There is more 
or less fixation of the affected side, with dulness 
on percussion, absence of breath sounds, eleva- 
tion of the diaphragm and shift of the area of 
cardiac dulness toward the affected side. The 
unaffected side is hj-perresonant, and there are 
increased breath sounds.^'" The sputum is scanty 
at first but quickly becomes abundant and muco- 
purulent. The white blood cell count may be 
15.000 to 20,000. The roentgenogram is charac- 
teristic, witli elevation of the diaphragm on tlie 
affected side, narrowing of the intercostal spaces 
and deriation of the heart and other mediastinal 
structures to the affected side, the lung appearing 
dense and homogenous. 

Treatment of such collapse is, of course, pri- 
marily prophylactic. As soon as the operative 
schedule is posted for the following day, tlie 
intern on the anesthesia service and I exmaine 
each patient and plan tlie tj’pe of anesthetic 
which will be the best, considering the pathologic 
condition of the patient, the t}-pe of operation 
proposed and the use of cauterj' or roentgen ray 
equipment. A member of the anesthesia depart- 
ment then writes orders for the preoperative 
medication, giving a small dose of morphine for 
all patients except those who are young and 
vigorous. By small dose is meant Vic grain 


(0.0037 Gm.) to ]4, grain (0.007 Gm.) for tliose 
above 50 years, ]/& grain to % grain (0.01 Gm.) 
for those from- 50 to about 25 years and % grain 
for those in good condition, in their twenties 
and thirties. Occasionally grain (0.015 Gm.) 
is given in this group. Scopolamine is given in 
combination with the morphine preceding spinal 
anesthesia for further sedation, grain (0.000+ 

Gm.) to ^00 grain (0.0002 Gm.) being given 
with increasing age. Atropine is given preceding 
an anesthetic administered intravenously, as 
it has been found that there is more likely to be a 
fall in blood pressure during the administration 
of pentothal sodium if it has been preceded by 
the use of scopolamine. Atropine .is also given 
to young children in preference to scopolamine, 
which rather seriously depresses them. Admin- 
istration of the anesthetic is refused until the 
patient has received atropine or scopolamine for 
the proper interv'al prerious to operation. Bar- 
biturates are given to all patients preceding use 
of caudal, epidural or spinal anesthesia to avoid 
procaine reactions through depression of the 
central ner\'ous system from stimulation of pro- 
caine and its deriratives. Barbiturates are given 
to those patients to receive nitrous oxide anes- 
thesia to depress the metabolism further, which 
is necessary when administering this weak gas. 
They are also given preceding use of cyclopro- 
pane to decrease vagal tone and prevent cardiac 
arrhj-thmia from the combination of morphine 
and cyclopropane." Ortal sodium is given to 
older people, over 50, and pentobarbital sodium 
in one or two 1.5 grain (0.009 Gm.) doses to 
younger patients. Seconal when combined wth 
even a small dose of scopolamine has been found 
to be too depressing to the respirations of old 
people. Morphine and barbiturates are not given 
preceding tribromoethanol, as this combination 
produces severe respirator}' depression. At the 
close of the anesthesia, an attempt is made to 
have the patient partially awake and to have his 
phaiyngeal reflex back. Nitrous oxide is given 
during the last few minutes of cyclopropane 
anesthesia in order to fill the lungs with a sub- 
stance which is much more slowly absorbed in 
case a portion of the lung should be cut off be- 
hind a mucus plug. Nitrous oxide requires sev- 
eral hours to be dissolved by the blood stream, 
while cyclopropane and ox}’gen are removed in 
a few minutes and in that case would leave a 
portion of lung collapsed in a short time. I have 
not seen a case of atelectasis develop after this 

7. Robbins, B. H. ; Baxter, J. H., and Fitzhugb. 
O. G. : The Use of Barbiturates in Preventing Cardiac 
Irregularities ’ Under Cyclopropane or Morphine and 
Cvclopropane .Anesthesia, Ann. Sure. 110:84-93 (Julv) 
1939. 
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precaution, even -when operation is done high in 
the abdomen. Use of one of the elastic adhesives 
has been found useful in dressing, wounds high 
in the abdomen snugl}' and 3 ’et allowing expan- 
sion of the chest. 

When the patient is removed to the ward, he 
is placed at once on the side opposite to that on 
which he has been operated, the theor}' being 
that if the lung on the opposite side is constricted 
slighth" bj' his weight there ^^^ll be a compen- 
satorA- e.xpansion of the lung on the operated 
side and stimulation of deeper respiration with 
not so much splinting of the chest. After this, 
the position is changed from one side to the 
other ever)' hour when the patient is not re- 
ceiving intravenous infusions. .' 2 SU patient is to 
be placed in bed on his back and left there 
quietly indefinitely. The first daj', inhalations of 
carbon dioxide and oxygen are given for two 
minutes out of ever}- hour and the second day 
out of every two hours. The patients are then 
urged to take ten deep breaths voluntarily every 
hour. Postoperative sedation is held at a mini- 
mum, and no atropine or scopolamine is given. 
Because these measures har'e been followed, there 
has not been a case of massive collapse at this 
hospital in t\vo years and only a few cases of 
mild atelectasis, which cleared up promptly with 
little special treatment. 

If, in spite of these precautions, pulmonary 
atelectasis or collapse develops, the patient should 
be placed on the unaffected side in a moderate 
Trendelenburg position. He should be instructed 
to cough, with some one holding his abdomen, if 
the condition follows an operation on the ab- 
domen, to give support to the abdominal wall 
and decrease the pain of coughing. A tight 
scultetus binder may be used to give abdominal 
support for a short time. Striking the patient 
on the back over the affected lung while encour- 
aging him to cough will often help to dislodge 
the plug.^*’ 

A new treatment consisting merel)- in cocain- 
izing the throat with 5 to 10 per cent cocaine 
solution has been used in a number of cases, with 
spectacular results and almost instant cure in 
many cases (see cases 4 and 5 for roentgen 
demonstration). The cocaine solution in a cotton 
ball held in a curved applicator is placed far 
back in the throat and into the pyriform sinuses 
as if in preparation for a bronchoscopy. It has 
been found that the use of this procedure appar- 
ently relaxes the musculature of the bronchial 
tree enough that within a few minutes the patient 
will cough up a large plug of mucus and be re- 
lieved at once. Use of a little solution of 
epinephrine in the same cotton pledget will help 
stiiT>”>->te the cough reflex. The patient is en- 


couraged to cough, with some one giving sup- 
port to the abdomen. This relaxing effect ironi 
the cocaine is thought to be the essential part oi 
the procedure. Merely appl}-ing a cotton ball 
moistened with isotonic solution of sodium 
chloride or solution of epinephrine by itself to 
the back of the throat to produce hard coughing 
will not produce the desired effect. Application 
of the cocaine is followed b)' expulsion of the 
obstructing plug and dramatic relief in mam- 
cases. 

During the next twenty-four hours or more, 
use of intermittent inhalation of oxygen and car- 
bon dioxide is continued, to keep respirations 
deep and to attempt to reexpand all bronchioles. 
Chemotherapy with suifathiazoie or suUadiazine 
is begun and continued for twenty-four hours or 
longer to prevent pneumonia from beginning in 
the congested and airless area.^ The patient is 
rolled from one side to another frequently and 
made to continue to cough and take deep breaths. 
A set of blow bottles has been devised so that 
the patient can blow the water from one bottle 
into the other every hour ; this helps increase and 
maintain expansion of the lung tissue. 

There have been no failures from use of this 
method of cure of pulmonary collapse merely hv 
cocainization of the throat. It has not been 
necessar}' in this hospital to resort to use oi 
bronchoscopy, with its production of additional 
strain on the abdominal incision and great dis- 
comfort of the patient, since we have been using 
these measures. 


REPORT OF C.ASES 

Case 1.— JI. H„ a fairly veil nourished voimn 33 
rears old, was brought to surgery' October 31 for a neph- 
rectomy on the right side on account of a complamt of 
severe pain in the right side and back- with discovery 
an the intravenous pyelogram of a large hnanclung 
:alculus in the right renal pelvis. Other history is 
aoncontributory e.xcept for a chronic cough ami physi- 
cal e-xamination showed nothing significant. Phcnol- 
iulfonphfhalein was excreted at a rate of U.S per ccn 
an the right 'side and 37.5 per cent on he ' 

two hours. The urine was loaded with white Rio^cc)) 
ivith a heavv trace of albumin. Wasscrniann m d Kal i 
ests of the blood elicited negatwe reactions. Tlic si^par 
rontent was 88 mg., the nonprotcin nitrogen evel 2Se 
ng. and the creatinine content l.a mg. per hundred cub. 
■OTtimeters The hemoglobin content was 10 per cent 
md the white blood cell count 6,6OT. _ The sed.mcnt.a- 
ion rate was 17 mm. A mixture of /a nig. of proca.m 
lydrochloride crystals and 12 mg. of tetracaine hydro- 
•hloride in solution were administered m the first him- 
lar space; removal of a large rough kidney was acconi- 
ilished without incident in an operation lasting s.xt>- 
i.x minutes, and the patient was returned to the na 
n good condition. On November 1. terp.n hydrate v h 
odeine was given for the cough, with ammonium chlo- 
ide and continuous inhalations of steam. Morphine, 
d grain (0.013 Gm.). was given only once. On .Nm- 
mber ’ (Sund.w) the patient was complaining oi ilyp- 
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nea and expectorating gray sputum. Some distention 
was present. Her temperature was 1022 F. Codeine 
was given for relief of pain. November 3 tlie chest was 
examined roentgenologically, and the condition of the 
patient was reported to the anesthesia department. She 
was found dyspneic and anxious and cyanotic and she 
was coughing and retching almost continuously. SThe 
temperature was 1022 F. and tlie pulse rate 120. Roent- 
gen ray examination showed diffuse clouding of the en- 
tire left lung, and the central shadows were displaced 
toward this side, with increased aeration on the right. 
Cocainization of the laryn.x was done, with e.xpectoration 
in a few minutes of a large mucus plug and large 
amounts of purulent mucus. A roentgenogram taken 
at once showed partial clearing of the left pulmonarj- 
field with progressive clearing November 4 and 5. In- 
halations of carbon dioxide and oxygen were started 
and also chemotherapy with sulfathiazole : blowing up 
of blow bottles was instituted, with relief of the collapse, 
though a pulmonic process in the base of the left lung 
persisted until November 17. 

This case illustrates the necessity for recog- 
nition and treatment of a condition of collapse at 
once before pneumonia begins, which happens 
speedily in a congested and airless area of lung 
and which prolongs the recovery- period a num- 
ber of days. 

Case 2. — E, D., a poorly nourished white man 48 
years old, was brought to surgery on July IS for repair 
of a recurrent inguinal hernia on the left side, which 
had been repaired eight years ago. His historj- was 
noncontributory except for the fact that he smoked 
excessively and had a chronic nonproductive cough. 
Physical examination revealed carious teeth with spongy, 
receding gums and a moderately injected pharynx. .•\ 
few moist rales were heard in the left axilla. Twelve 
milligrams of pontocaine hydrochloride solution was 
given in the second lumbar space: the hernia was re- 
paired without incident in fifty-five minutes, and the 
patient was returned to the ward in good condition. 
Inhalations of carbon dioxide and oxy-gen were refused, 
and the patient refused to take deep breaths or to 
cough. A roentgenogram was taken July 16 on account 
of pleuritic pain in the right base of the chest, witli a 
friction rub; it revealed clouding of the base of the 
right lung with elevation of the diaphragm, and was 
interpreted b 3 - the roentgen raj- department as “sug- 
gestive of pleurisy.” The temperature at this time 
was 99.8 F. Morphine sulfate, % grain [0.01 Gm.], was 
being given three times a day. His temperature rose 
to 102.6 F. on July- 17, and he had severe pain in the 
back. Administration of sulfathiazole yvas begun, 
yvith rapid improvement. The temperature was 99 F. 
On July 19 another roentgenogram yvas taken on ac- 
count of increased pain, yvhich revealed a large shadow 
above the right side of the diaphragm yvith a shift of 
the tracliea to the right. The throat yvas cocainized 
with 10 per cent cocaine solution, and the patient 
coughed up a large mucus plug and stated that the pain 
yvas less intense. He remained comfortable, and his 
condition steadily improved. Use of sulfathiazole to- 
gether witli ammonium sulfate yvas continued for forty- 
eight hours yvith no further incident. 

C.ysE 3. — N. G.. a poorly nourished yvoman 27 years 
old. yvas brought to surgery- on June 19 for suspension 
and perineorrhaphy-. The history revealed chronic pelvic 
inflammatory disease, yvith recent septic abortion yvith 
hemorrhage. The hemoglobin content yvas 81 per cent, 
the sugar content 104 mg., the nonprotein nitrogen level 


27.9 mg. and the creatinine content 1.4 mg. per hundred 
cubic centimeters. The operation preceding this one had 
been canceled, and so the patient was brought to the 
operating room and premedication of seconal, 3 grains 
(0.19 Gm.), given at 7:30 a. m., morphine sulfate 1/6 
grain (0.01 Gm.), and scopolamine hydrobromide 
1/200 grain (0.0003 Gm.), being given at the same time. 
•Administration of cj-clopropane was begun at 7 :42 a. m.. 
followed by closed ether. The surgeon had insisted that 
the anesthetic be begun immediately, stating that it 
made no difference yvhen the premedication was given. 
A dilation and curettage, perineorrhaphy-, trachelorraphy 
and Gilliam’s suspension yvere done during the next hour 
and thirty- minutes, and the patient -yy-as returned to the 
yvard in good condition at 9:50 a. m. At 10:30 a. m. on 
June 20 she yvas seized yvith sudden pain in the right 
side of the chest, with dyspnea, anxiety- and tachycardia. 
Examination rey-ealed the right side of the chest unex- 
pansive on respiration, an absence of breath sounds in 
the right base and coarse rales heard in the right apex. 
Roentgen ray examination shoyy-ed massive collapse of 
the right lung, with the mediastinum and trachea shifted 
to the right. Cocainization of the throat 'was done 
yy-ithin half an hour and coughing encouraged. A large 
hard mucus plug was e.xpectorated, yvith the patient 
experiencing great relief of dyspnea and anxiety-. The 
cyanosis improved almost at once. Roentgen ray- 
examination shoyy-ed partial clearing of the chest. 
Inhalations of carbon dioxide and oxygen and bloyy-ing 
up of blow bottles yvere started. By 4 p. m. the 
roentgenogram revealed the right side of the chest 
nearly clear, yvith the diaphragm returned to a normal 
level. Sulfathiazole was discontinued June 21, and the 
patient remained free from further symptoms. 

Case 4. — R. O., a poorly- nourished yvoman 43 years 
old, yvas brought to surgery- March 18 for exploratory- 
laparotomy on account of large pelvic masses. She had 
been bleeding profusely for four months, with a hemo- 
globin content on her admission to the hospital 
(February 26) of 27 per cent. The rest of the history- 
yvas noncontributory, and phy-sical examination at this 
time revealed exceedingly- carious teeth and spongy 
gums and a soft blowing mitral systolic murmur dis- 
appearing on exercise. Hemoglobin content at the time 
of operation yvas 65 per cent, the sugar content 108 mg., 
the nonprotein nitrogen level 31.6 mg. and the creatinine 
level 1.7 mg. per hundred cubic centimeters. The urine 
test revealed nothing abnormal. Premedication of mor- 
phine, 1/6 grain (0.01 Gm.), and scopolamine hydro- 
bromide, 1/200 grain (0.0003 Gm.), was given and fifty- 
five minutes later drop ether yvas begun, as the surgeon 
insisted that ether be used for all of his patients. Bilateral 
salpingo-oophorectomy was done during a one hour 
operation yyithout incident, and the patient was returned 
to the yvard in good condition at 10:30 a, m. Her con- 
dition remained good until March 19 at 8 p. m.. yvhen 
she complained of shortness of breath and pain in the 
right side of the chest. The temperature yvas 102.8 F. 
and the pulse rate 160. There was an absence of breath 
sounds in the right side and hy-perresonance in the left 
side of the chest. The medical sery-ice yvas consulted 
and gave ady-ice to treat the patient as for pneumonia. 
-Administration of sulfapyridine yvas started, but by 
morning the patient was worse and symptoms yvere more 
pronounced. .A roentgenogram taken during the morn- 
ing revealed a complete collapse of the right side of the 
chest (fig. 1 A). .At 2:15 p. m. the anesthesia depart- 
ment was consulted, and the throat yvas cocainized at 
once yvith 10 per cent cocaine. During tlie procedure 
the patient was throyy-n into a paroxy-sm of coughing 
that resulted in the expectoration of copious quantities 




242 


ARCHIVES OF SURGERy 


of mucopurulent material ; breathing immediately be- 
came easier, and breath sounds began to be heard over 
the right side of the chest. Check roentgenograms one 
and one-half hours later revealed reexpansion of the 
right lung, with change of the heart shadow to a more 
nearly normal position {fig. IB). Inhalations of car- 
bon dioxide and oxj'gen everj- half hour were begun, 
blow bottles were blown up every hour and administra- 
tion of sulfapyridine was continued. Roentgenograms 


Case 5. — N. S., a well nourished woman 43 years eld 
was brought to surgeo’ January 22 for e.xploratorr 
laparotomy for abdominal pain and hj-peresthesia c; 
the abdominal wall. Bilateral salpingectomy, oophorec- 
tomy on the left side and supravaginal hysterectomy 
had been done nine' months previously. Severe pain :t 
the .upper end of the incision intermittently since thi? 
operation was the chief complaint. The other histori 
was noncontributory. Physical e.\'amination rereaW 



of the rignt Imig, with shift; 


Fig. 1 (case A).— A. immediately before treatment showing complete cocainization ct 

ing of the tracheal shadow and the heart shadow to the right. B, one and one-nali ' ^ morn- 

throat and e.vpcctoration of large quantities of mucus, showing partial reexpansion o rig shifti'ng of trS' 

ing following cocainization of throat, showing almost complete reexpansion of ng 't ung restoration ard 

chea! shadow to normal position. D, three days after treatment for collapse, showing c 
clearing of lung. 

cn March 21 revealed an almost complete ree-xpansion no abnormalities other than 

cf the lung, v.ith return of the tracheal shadow to the Pentobarbital sodium, IJd Ftams pr-im (005' 

normal medial position (fig. 1C). Three days later given at 8 a. m., and morphine ’’V fim ) v.ere 

roentgenocrams showed complete clearing of the lung. Gm.), and scopolamine, 1/200 grain ' '(,"'’0- 

v.ith return ..f a normal temperature (fig. 1 D). given at 10:10. Nitrous oxide, 9..- per cent. v. -s - 
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at 10:30 a. m., followed by closed ether anestliesia for 
maintenance. Lj'sis of extensive adhesions of tlie 
omentum into the peh-is was done. The operation lasted 
an hour and fifty-three minutes, and the patient was 
returned to the ward in good condition at 12:50 p. m. 


sulfate and sulfapyridine. Copious e.\pectoration re- 
sulted from coeainization of the throat, with pronounced 
relief e.xperienced by the patient .A. roentgen ray 
examination at 8 a. m. revealed two-thirds clearing of 
the left base, with still a slight shift of the mediastinal 



Fig. 2 (case 5). — A, showing collapse of the lower lobe of the left lung before treatment B, showing 
reexpansTon of the left base shortly after treatment and two hours after initial collapse, C. showing complete 
reexpansion and clearing of the left lung ten hours after initial collapse, with immediate treatment. 


She was talking at 1 :30 p. m. At 6 a. m. January 23, 
she was found tyanoUc and complaining of pain in the 
chest. A roentgenogram revealed collapse of the left 
lung (fig. 2 A'). Swabbing of the throat with epi- 
nephrine and cocaine was started, with inhalations of 
carbon dioxide and oxj-gen and use of ammonium 


shadow (fig. ZB). Roentgen ray examination at 4 
p. m. showed complete clearing of the base of the left 
lung (fig. 2C). 

This case also illustrates the value of immedi- 
ate treatment in preventing’ pneumonia following 
collapse of the lung. 


ELECTROLYTE CHANGES AND CHEMOTHERAPY IN EXPERIMENTAL 
BURN AND TRAUMATIC SHOCK AND HEMORRHAGE 


SANFORD M. ROSENTHAL, MD., and HERBERT TABOR, ilD. 

BETHESDA, JfD. 


During the past few 3 -ears, observ-ations have 
been made on experimental!}' produced bum 
and traumatic shock and death from hemor- 
rhage in over 10,000 small laborator}- animals. 
This report of our results is being made because 
of their possible significance in clinical practice. 

Knowledge of the circulator}' disturbances in 
shock has recently been greatly enlarged, but the 
nature of the underlying mechanisms has re- 
mained obscure. For this reason the therapy 
of shock has been directed primarily toward 
correction of these demonstrable alterations in 
the circulation, perhaps to the neglect of impor- 
tant changes in the tissues. 

In the field of therapy, a review of the litera- 
ture reveals a diversit}' of results from labora- 
tory investigation.^ This is an expression of the 
difficulties encountered in the standardization of 
methods and, to some extent, of the fact that with 
large laboratory' animals it is difficult to employ 
adequate numbers to compensate for wide bio- 
logic variations. 

In order to obtain standardized and repro- 
ducible conditions, simplified methods were 
developed by which mice or rats could be used. 
These methods permit the use of a hundred or 
more animals in a single day’s e.xperiment, and 
with mortalit}- as a basis of comparison it is pos- 
sible to evaluate therapeutic procedures under 
uniform conditions. 

Burn shock was produced by immersion to the 
axilla of the shaved etherized animal in water at 
70 C.- Traumatic shock was produced by 

From the Division of Physiology-, National Institute 
of Health, United States Public Health Service. 

1. -Adequate references to the large literature are not 
possible in this paper. The following reviews may be 
consulted : Harkins, H. N. : Recent .Advances in the 
Studv and Management of Traumatic Shock, Surgery 
S:23l (Feb.) : 447 (March) ; 607 (April )I941. Blalock. 
.A. : Principles of Surgical Care, Shock and Other 
Problems, St. Louis, C. V. Mosby Company. 1940. 
Moon, A'. N. : Shock: Its Dynamics, Occurrence, and 
Management, Philadelphia, Lea S: Febiger. 1942. More 
recent references may be found in the papers cited below. 

2. Rosenthal. S. M. : E.-cperimental Chemotherapy 
of Bums and Shock : (a) I, Methods: II. Effects of 
Local Thcrapv upon Mortality from Shock, Pub. Health 
Rep. 57:1923-1935 fDec. IS) 1942; (6) HI. Effects 
of Systemic Thcrapv on E-irU Mortality, ibid. 58:313- 
522 (March 29 1 1943. 


placing tourniquets (rubber bands) on the hind- 
legs of etherized animals for two or more hours.' 
Anesthesia was employed only during the brief 
period of application of the trauma. Hemorrhage 
was carried out by placing the cut tails in mea- 
suring cylinders containing warm oxalate solu- 
tion. Bleeding was produced in tvvo stages, 
with a one hour intermission between bleedings; 
the first bleeding amounted to 2.25 per cent o; 
the body weight, and the second bleeding was 
continued until the death of a high percentage 
of the untreated animals (4.5 to 5 per cent body 
weight). The quantit}- of blood loss required 
to produce death was taken as a basis of com- 
parison.^ All forms of trauma were so standard- 
ized that the average mortality among control 
(untreated) animals within fort}--eight iiours 
yvas greater than 90 per cent. 


FLUID AXD ELECTROLA-TE CHANCES IN 
TRAUMATIC SHOCK 

Tourniquet shock was chosen for these e.xperi- 
ments because it is possible to amputate t le 
injured tissues (legs) and determine the change? 
which occur in the entire injured area. Contro 
analyses on groups of normal animals kept lui er 
the same conditions and carried out at^ t >c 
same time served as a basis for comparison. 
This technic has been found valid when pooled 
samples from groups of 5 or more anima .s arc 

""^he results = of these analys(;s demonstrate 
that the local accumulation of fluid in untreatt 
mice two hours after the injury amounts to 


3. Rosenthal, S. M.: Experimental 
i Burns and Shock: I^ • Produc ton ind 

Shock in Mice; Y. Therap- ‘4 

Sodium Salts, Pub. Health Rep. 58:1429-1438 (-cp... 
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4 Tabor, H.; Rabat, H.. and 

Ihcmotherapy of Burns and Shock: . p j,,;, 

lemorrhage in the Mouse: VIL Therapy 
lental Hemorrhage, Health 

^fav 19) 1944. ^ 

5 . Tabor, H., and Rosenthal S- --E ; Exi^nm. -- 
Iiemothcrapy of Burns and Shock. • -■ 

'otassium .Administration, of Sodmm .os , 

.OSS in Tourniquet Shock. Pub. Health 

=0 (.April 6) 1945: Electrolyte m Tr,..rr.. , • 
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i per cent of body weight, a value in agreement 
with that originally found by Blalock, Harkins 
and others^ (chart 1). 

Along with the local accumulation of fluid, 
sodium enters the injured area; this amounts to 
O.IO milliequivalent for a 15 Gm. mouse and is 
greater by 0.03 milliequivalent than the amount 
which can be accounted for by the local increase 
in fluid. This local increase in sodium is equiva- 
lent to the entire sodium in the circulating blood 
or one fourth of tliat in the total extracellular 
fluid. This rapid accumulation of fluid and 
sodium occurs at the expense of the uninjured 
tissues, which are correspondingly dehydrated. 

During the same t\vo hour period, the injured 
area loses approximately one third of its total 
potassium, amounting to 0.03 milliequivalent per 
15 Gm. mouse (chart 1). This quantity of 
potassium is thus released from the traumatized 
area into the rest of the body; its significance 
will be discussed later. It is of interest that the 
potassium loss from the injured area corresponds 
approximately to the sodium gain, which is in 
excess of that calculated to enter with the edema 
fluid, suggesting that an exchange of potassium 



Chart 1. — Changes in water, sodium and potassium 
in the hindlegs of mice subjected to tourniquets for two 
hours. .Analyses ttvo hours after removal of tourniquets. 
\'alues represent the total amounts in the two legs of a 
15 Gm. mouse. Control ^•alues from normal mice studied 
simultaneously. 

fur sodium takes place in injured tissues; evi- 
dence that this can occur in vitro has been 
presented by Eichelberger and Hastings and 
tliat it can occur in vivo by ^lanery and Solandt.' 

6. Hastings, .A. B., and Eichelberger. L. ; The 
Exchange of Salt and Water Between Muscle and 
Blood : I. The Effect of an Increase in Total Body 
Water Produced by tlie Intravenous Injection of Isotonic 
Salt Solutions, T. Biol, Chem. 117:73-93 (Jan.) 1937. 

7. Mattery, J., and Solandt, D. : Studies in Experi- 
mental Traumatic Shock with Particular Reference to 
Plasma Potassium Change.s. .Am. J. Phvsiol. 138:499- 
511 (Feb.) 1943. 


The magnitude of these local changes in fluid 
and electrol)’te have also been studied by Fox 
and Keston ® with the use of radioactive sodium, 
and our results are substantially in agreement. 

URINARY STUDIES 

In addition to local alterations in the injured 
area, some estimate of the electroljde changes 



Chart 2. — Sodium excretion in urine of normal and 
shocked (tourniquet) mice. Both groups received 0.385 
milliequivalent of sodium orally the first day and 
0.302 milliequivalent the second day. Practically com- 
plete retention the first day and 72 per cent retained in 
fortj'-eight hours. Nine-tenths per cent solution of 
sodium chloride was administered. 

that are occurring in the rest of tlie body and of 
fluid and electroh-te needs in shock may be ob- 
tained by urinary studies. Mice in which death 
from shock was prevented by therapy with 0.9 
per cent solution of sodium chloride were placed 
in metabolism cages for quantitative collection of 
urine. Normal animals similarly treated with 
sodium chloride served as a basis for comparison. 

The quantity of sodium retained by the shocked 
animal after administration of isotonic solution 
of sodium chloride may serve as some index of 

S. Fox. C. L.. Jr., and Keston. .A. S.: The Mecha- 
nism of Shock from Bums and Trauma Traced -.vith 
Radicsodium. Surg.. Gmec. & Obst. S0:5dl-567 (June) 
1945. 
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the sodium requirement during the shock period. 
The local accumulation of fluid in the' injured 
area is only a partial indication of this deficit; 
this was shown by Fox ° in burned patients and 
in shocked mice. We have similarly found in 
tourniquet-shocked mice that when 0.38 milli- ' 
equivalent of sodium per mouse is administered 
on the first day and 0.3 milliequivalent on the 
second day there is complete retention during 
the first tiventy-four hours and only 28 per cent 
of the total amount is excreted during the second 
twent 3 '-four hour period (chart 2). This reten- 
tion in terms of isotonic solution of sodium 
chloride is approximately 20 per cent of the 
body weight of the animal. 


SIGNinCAXCE OF CHAXGES 

What importance can be attributed to the 
fluid and electrolyte disturbances, and what ■■ 
their significance in terms of therapy? 

'First, they indicate a dehydration of tl- 
sodium-containing extracellular fluid compan 
ment.“ Since the blood constitutes only ore 
fourth of this reservoir and since the sodium an? 
fluid loss is as great as or greater than tlie toT^' 
amounts contained in the plasma, the major 
deficit must occur in the tissues. It is not to 
be expected that a normal plasma volume can 
be maintained with any permanency until the 
tissue dehydration is also corrected. This con- 



Chart 3. — A, potassium excretion in normal and in shocked mice. Determinations on the same urines 
for sodium analyses (chart 2). -Id 'ntra- 

B, the L.D.» (lethal dose for SO per cent of animals) of potassium for normal and 

peritoneally, for nephrectomized mice intravenously and subcutaneously and for shocked mice » ^ Pimircs in 
intraperitoneally. The to.xicity for shocked animals is increased six to nine times o\er no 
parentheses indicate number of animals used. 


That this retention of sodium is not due to 
anuria is indicated by the fact that during this 
period potassium is excreted in excess. Increases 
above the control values amounting to 0.075 
milliequivalent per mouse on the first day and 
0.025 milliequivalent on the second day were 
obtained (chart 3). This has been shown to be 
more than trvice the amount of potassium that 
is liberated from the injured area in treated mice, 
indicating that potassium is also released from 
iiontraumatized areas in shock.' 

9. Fo.x, C. L., Jr. : Oral Sodium Lactate in the 
Treatment of Bum Shock, J. A. M. A. 124:207-212 
flan. 22) 1944. Fox and Keston.* 


elusion is also corroborated by the therapcmic 
studies reported later, which rctea a p 
mum survival from a fataj degree o ’ 

not achieved until 10 to 15 per cent o c j 
iveight of isotonic solution of so turn sa s 

idministercd. , , 

Second, the quantity of potassium released i._ 
:he body suggests that a reevaluation be ma e - • 
ts significance as a toxic factor in shoe .. 


10. (o) Gamble, J. L.: Jl%- 

log}-, and Patholog>- of E.xtracellular F md Bo . 

lan-ird Medical School, l^-’- 
'he Elcctrolj-tcs of Tissues and 
.ectures, 1940-1941, Baltimore Vilhams & 
iompany, 1941, vol. 36, p. 91. f'l f J' 

Exchange, Physiol. Kev. 24:49I-:31 (Oct.) 
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a basis of various experimental evidence, potas- 
sium has been suggested in this role.^^ \^niile 
some recent evidence supports this view,^- the 
importance of potassium has not been generall}' 
accepted. This is due in part to the fact tliat 
previous studies have been confined to changes 
in the blood or isolated tissues, and conse- 
quently quantitative data on the magnitude of 
tlie total changes were not available and also 
because tlie obser\'ed alterations were interpreted 
in terms of the normal rather tlian the shocked 
animal. 

The following obsen'ations have been made “ 
in an attempt to evaluate the significance of the 
-potassium release in traumatic shock: 

(a) In a shocked animal the toxicity of admin- 
istered potassium increases six to nine times 
above that for a normal animal (chart 3). This 
is not the result of a general increase in suscepti- 
bility to toxic agents, for under similar conditions 
the toxicity of magnesium and quinidine (used as 
drug controls) was less than doubled. 

(b) The amount of potassium released in 
shock, as indicated b}'- analyses of the entire 
injured area and bj* urinary studies, is toxic for 
a normal animal when given intravenously or 
intraperitoneallj' and for an anuric (nephrecto- 
mized) animal when given subcutaneously and 
is several times the fatal dose for a shocked ani- 
mal when given by any route (chart 3) . 

(c) The elevation of serum potassium in the 
shocked animal cannot be interpreted in terms of 
the election required to kill a normal animal. 
Rabbits in shock that are killed by injections of 
potassium chloride show terminal serum potas- 
sium levels (13.20 milliequivalent per liter, with 
a standard error of 0.22) within the same range 
as those found in shocked rabbits without treat- 
ment with potassium chloride that die from shock 
several hours later (12.08 milliequivalent with a 
standard error of 0.35). These values are lower 
than those obtained for normal rabbits that are 
killed by injections of potassium chloride 
(16.58 milliequivalent with a standard error of 
0.68). These results suggest that the moderate 
ele\’ations of serum potassium seen in shock may 
have greater significance than is usually attrib- 

11. Scudder, J.: Shock: Blood Studies as a Guide 
to Therapy, Philadelphia, J. B. Lippincott Company, 
1940. 

12. Bywaters, E. G. L., and Popjak, G. : Experi- 
mental Crushing Injury, Surg., Gtmec. & Obst. 75:612- 
627 (Nov.) 1942. Bvwaters, E. G. L. : Ischemic Muscle 
Necrosis, J. .A. M. A. 124:1103-1109 (April 15) 1944. 
Oarke, A. P. W., and Cleghom, R. A.: Chemical 
Studies of Tissue Changes in .Adrenal Insufficiency and 
Traumatic Shock, Endocrinology- 31:597-606 (E)cc.I 
1942. 


uted to them, particularly in relation to the 
terminal phases of tliis condition. 

Not only is the shocked animal abnormally 
sensitive to administered potassium. It is possi- 
ble to produce withdrawal of fluid and sodium 
from the body by the intraperitoneal injection of 
dextrose solutions.^^ By the use of this technic, 
it has been demonstrated that the shocked ani- 
mal is also high!}- susceptible to any additional 
loss of fluid or sodium.'^ 

The evidence indicates that these three factors, 
fluid loss, sodium loss and potassium toxicity, 
are interdependent. While in shock the magni- 
tude of each change may not in itself be suffi- 
cient to produce death, their combined effects 
augment one another and may have an impor- 
tant influence on mortality in shock. 

There are various types and various degrees 
of shock, in which a variety of other biochemi- 
cal changes have been shown to exist like- 

13. Schechter, A. J. : Electrolyte and Volume Changes 
in Fluids Injected into the Peritoneal Cavity, Yale J. Biol. 
& Med. 4:167-185 (Dec.) 1931. Darrow, D. C., and Yan- 
net, H. : Changes in Distribution of Body Water Accom- 
panring Increase and Decrease in Extracellular Elec- 
trolj-te, J. Qin. Investigation 14:266-275 (March) 1935; 
Metabolic Studies of Changes in Body Electrolyte and 
Distribution of Body Water Induced Experimentally by 
Defidt of Extracellular Electrolyte, ibid. 15:419-427 
(July) 1936. 

14. (o) Russell, J. A.; Long, C. N. H., and Engel, 
F. L. : Biochemical Studies on Shock : Role of Periph- 
eral Tissues in Metabolism of Protdn and Carbohj-drate 
During Hemorrhagic Shock in Rat, J. Exper. Med. 79 : 
1-7 (Jan.) 1944. Engel, F. L. ; Harrison, H. C, and 
Long, C. N. H. : Biochemical Studies on Shock: Role 
of Liver and Hepatic Circulation in Metabolic Changes 
During Hemorrhagic Shock in Rat and Cat, ibid. 79: 
9-22 (Jan.) 1944. Russdl, J. A.; Long, C. N. H., and 
Wilhelmi, A. E. : Biochemical Studies on Shock : 
Oxj-gen Consumption of Liver and Kidney Tissue from 
Rats in Hemorrhagic Shock, ibid. 79:23-33 (Jan.) 1944. 
(if) Shen, S. C., and Ham, T. H. : Studies on Destruc- 
tion of Red Blood Cells, New England J. Med. 229:701- 
713 (Nov. 4) 1943. (c) Govier, W. M. : Studies on 
Shock Induced by Hemorrhage; III. The Correlation 
of Plasma Thiamin Content with Resistance to Shock 
in Dogs, J. Pharmacol. & Exper. Therap. 77:40-49 
(Jan.) 1943. (d) Aub, J. C; Brues, A. M. ; Dubos, R. ; 
Ketj-, S. S.; Nathanson, I. T. ; Pope, A., and Zamecnic, 
P. D. : Bacteria and the Toxic Factor in Shock, War 
Med. 5:71-73 (Feb.) 1944. (c) Prinzmetal, M. ; Freed, 
S. C., and Kruger, H. E.: Pathogenesis and Treatment 
of Shock Resulting from Crushing of Muscle, ibid. 5: 
74-79 (Feb.) 1944. (/) Glenn, W. L.; Muus, J., and 
Drinker, C. K.: Observations on the Physiology and 
Biochemistrj' of Quantitative Bums, J. Qin. Investiga- 
tion 22:451-459 (May) 1943. Perlmann, G. E.; Glenn, 
W. W., and Kaufman, D.: Changes in Electroh-tic 
Pattern in Lymph and Serum in Experimental Bums, 
ibid. 22:627-^ (July) 1943. (g) Ricca, R. A.; Fink, 
K.; Katzin, L. I., and Warren, S. L. : Effect of En- 
vironmental Temperature on Experimental Traumatic 
Shock in Dogs, J. Qin. Investigation 24:127-139 


(Fcotr.oie cori'.r.vei or. r.ezi fz'ze) 
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■wise, unknown factors remain to be discovered. 
The aforementioned concept does not preclude 
the possibility that such factors may also play a 
primary or secondary role in death from shock. 

^ THERAPEUTIC STUDIES 

'^t should be made clear that the obserwations 
on therap)' are concerned with the first forty- 
eight hours following experimental • trauma. 
While dela3'ed deaths rarely occurred after 
tourniquet shock or hemorrhage, following burns 
a progressive loss of weight with death within 
three weeks was frequentty seen. This condi- 
tion was obsen'ed regardless of the type of 
earl}" therapy and is not to be confused with 
the mortality during the shock phase. 

It should also be pointed out that we have 
been unable to produce delayed hemorrhagic 
shock in mice or rats with sufficient constancy 
to employ such a technic for evaluation of ther- 
apy. The following results are accordingly 
based on acute death from loss of blood, as 
outlined at the beginning of this paper. 

Even when ever}' effort has been made to 
obtain uniformity of conditions, variations in 
therapeutic response may occur from one day 
to another, particularly if the environmental 
temperature is not controlled. The dominant in- 
fluence of temperature on therapeutic response 
is discussed in the following paragraphs. 

It is believed that for accurate evaluation of 
experimental therapy two conditions must be 
met: simultaneous comparisons and an ade- 
quate number of comparisons. Even under our 
laborator}' conditions, with standardized trauma, 
with relative uniformity of animals as to size, 
se.x and diet, with constant environmental tem- 
perature and with simultaneous comparisons, at 
least 30 to 40 animals in each group are neces- 
sar}- for results within 20 per cent accuracy. 
Conclusions based on 15 animals may be subject 
to an error as high as 50 per cent. 

(March) 1943. Ricca. R. ,A. ; Fink, K. ; Steadman, 
L. T., and Warren, S. L. ; Distribution of Body Fluids 
of Dogs in Traumatic Shock, ibid. 24:140-143 (March) 
1943. Ricca, R. A.; Fink, K., and Warren, S. L. : 
Effect of Sulfadiazine, .Antito.xins, Globulins and Dog 
Plasma on Dogs in Traumatic Shock Under Sodium 
Pentobarbital .Anesthesia, ibid. 24:146-148 (March) 
1943. Katzin, L. I.; Ricca, R. .A., and Warren, S. L.: 
Effect of Ensironmental Temperature and .Anesthesia on 
Survi\-al of Tourniquet Shock in Rabbits, ibid. 24:149- 
151 (^farch) 1945. Katzin, L. I., and Warren, S. L. : 
Thiamine-Deficient Diet in Tourniquet Shock in Rats, 
ibid. 24:152-133 (March) 1943. Scholz, D. E., and 
others . Study of Body Temperature and Water Clon- 
tenr in Sh.ock Prcxfuccf! by Continuous Intravenous 
Injccf.on of .Adrenalin. With a.nd Without .Anesthesia, 
il.id. 24:I5--139 (.March; 1945. Foot.note 12. 


If this variability is observed under control!, 
conditions in the laboratoty, it is important i. 
the clinician to realize the fallacy of basing co 
elusions on mortality data from small groups i 
cases, in which no approach to uniformity 
possibly be attained. 

The results which we have obtained in fl 
three t}’pes of experimental injury have shu.w 
a similarity in response to fluid and electrohc 
therapy that indicates an underl}'ing dis' h'm. . . 
common to all of them. After a fatal degree i 
bum, trauma or hemorrhage, the majorit}' (■ 
animals will survive if 10 to 15 per cent of th.i: 
body weight of an isotonic solution of a sodiim 
salt is administered by any route (charts ' 
and 5). 

With the exception of the earlier observations 
of Davidson and Underhill “ and the niort 
recent studies of Alien, these results could no: 
be anticipated from tire previous work in this 
field.’- However, e.vperiments in agrement "'iih 
these observations have been recently made by 
Fox ® and Prinzmetal on mice, by Katz. 
Friedberg and Asher,’® Swingle and Klein- 
herg,-° Warren, iMerrill and Stead,®’ Scott. 
Worth and Robbins -- and Jloyer and col- 
leagues on dogs and by Locke •' and Harkins" 
on rats. 

15. Davidson, E. C. : Sodium Chloride Mctabolific 
in Cutaneous Bums and Its Possible Significance for .t 
R ational Therapy, Arch. Surg. 13:202-277 (.Au?.' 
1926. 

16. Underhill, F. P.: The Significance of Anhydremja 
in Extensive Supcrfidal Burns, J. .A. 31. -A. 95:Se2-f.'' 
(Sept. 20) 1930. 

17. Allen, F. M.: Physical and To.xic Factors u’ 
Shock, Arch. Surg. 38:155-180 (Jan.) 1939; Thecry 
and Therapy of Shock: Varied Fluid Injections, Am. )• 
Surg. 62:80-104 (OcL) 1943. 

18. Prinzmetal, 31.; Hechter, O.; 3Iargo_lc5, C.. ami 

Feigen, G.: A Principle from Liver Effective 
Shock Due to Burns, J. Clin. Invcstigalii^ ’ 

(Sept.) 1944. Hechter, O.; Bergman, H. C, and 1 rmz- 

metal, -M. : Comparison of Therapeutic Eff«t.vcn«s r 

Serum and Sodium Chloride in Scald S oc m. e* * 
J. 29:484-492 (April) 1945. 

19. Katz. L. K.; Friedberg. L., and Asher, 
Efficaev of Isotonic Sodium Chloride ^d GIucosc_ ij 
Preventing Shock Following ' “ous Occfeiw ('j - 
Limb in the Dog, Am. J. Physiol. 140:6a-/] (Oct.) l9 - 

20. Swingle, W. \V., and Klcinberg, 

Gelatin and Saline Therapy in Exi^rimcnW Woe.- 
Shock, Am. J. Physiol. 141:713-721 (July) 19-14 ^ 

21. Warren. J. V.; .Merrill, A. J., and Stead. E ^ - 
Jr. ; The Role oi the Extracellular Fluid in the 
tcnancc of a .N'ormal Plasma Volume, J. Qm. Ins cs. lo- 
tion 22:635-641 (Scrit.) 1943. 

22. Scott. C. C.; Worth, H. W.. and nn=,_E- h - 

Comparativc X'aluc of Some JlliyA Substitutes ^ 

Treatment of Experimental Shoc/r, Arch. ^5. 

318 (April) 1944. 

23. ifover. C A.; Collcr, F. A.;_Icj. V, ^ 

H. H., and Marty, D. A.: Study t.ne Interre.-^s: 
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Therapy in most experiments on burns and 
toumiquet shock was begun one-half to one liour 
after the injun.-, when visible symptoms of 
shock, namely prostration and dyspnea, were 
present. Deatlis in untreated animals had 
already occurred at the time therapy was begun. 
Even when therap}’ was delayed beyond this 
point, favorable responses to administration of 
saline solution have been obtained. In hemor- 
rhage experiments 10.5 per cent of the mice had 
died at the time of onset of therap}-. which was 
administered in the interval between bleedings 
(after a blood loss of 2.25 per cent body weight). 

■pile percentage of sur\-ivors is considerably 
lower if onl}’ 5 per cent of body weight of an 
isotonic solution of a sodium salt is given 
(chart 4) : this, in part, e.xplains the lack of 


ion. A similar response was obtained with all 
the sodium salts we have tested, while other 
cations — potassium, calcium, magnesium, cesium, 
rubidium and lithium — ^^vere either deleterious 
or without effect.-'’ 

^^^ikewise, isotonic dextrose solutions had little 
etfect (chart 5) ; given intraperitoneallv (and 
this probabh' applies to other methods of admin- 
istration such as h}-podermoclysis), diey were 
decidedl}' harmful “ because they temporarilv 
withdrew water and sodium from the body. 
H^-pertonic solutions in general were found to 
be less effective than isotonic solutions, perhaps 
for the same reason. 

^A'ater administered oralh-. 8 to 10 per cent 
body weight, was ineffective in bum shock (91 
per cent mortality' in 50 mice as compared with 
95 per cent in 50 controls). In tourniquet 




DAYS DAYS PtRCENT BODY Y/T — B^OOD LOSS 

Chart 4. — The similar therapeutic response of mouse serum administered intravenously and saline solution 
administered orally in bum and toumiquet shock and hemorrhage, given in equimlent doses on a basis of body 
weight (B.W.). Concentrated human semm albumin (25 per cent) is less effective than semm in doses with 
equivalent protein content but less sodium chloride. .Also the increased effectiveness of larger doses of isotonic solu- 
tion of sodium chloride (10 to 15 per cent body weight) is indicated. Each curve is a composite of results of 
several experiments. Figures in parentheses indicate number of mice represented. 


success with saline therapy frequently reported 
from the laboratorj- and clinic, where this amount 
has usually represented the maximum thera- 
peutic dose. 

comparison of various salts has shown that 
the beneficial effect is a function of tlie sodium 

ship of Salt Solutions. Serum and Defibrinated Blood 
in tlic Treatment of Severely Scalded, Anesthetized 
Dogs, .Ann. Surg. 120:367-376 (Sept.) 1944. 

24. Locke, W. ; .An Experimental Alethod for Evalu- 
ating Blood Substitutes. Science 99:475-476 (Jime 9) 
1944. 

25. Harkins, H. X. : Personal communication to the 
authors. 


shock some benefit from this was seen (50 per 
cent mortalit}' in 48 mice as compared with 
90 per cent in 48 controls). In hemorrhage onlv 
slight benefit from water was obtained.'* and this 
was shown to be due to blood dilution : in terms 
of hemoglobin loss, the animals treated with 
water were able to withstand no greater deple- 
tion titan tlie controls. 

Fruit juices, because of their high potassium 
content, are definitely harmful in experimental 
shock. .\n experiment in toumiquet shock 
demonstrated that 5 per cent body weight of 

26. Rosenthal.-^ Tabor and Rosenthal.^ 
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orange juice b}- mouth was rapidl}' lethal 
(chart 5 B). 


These results with various electrol 3 i:es and 
Mids, along with the demonstrated sodium defi- 
cienc}', clearly indicate that in the therapj- of 
shock, fluids other than isotonic solutions of 
sodium^alts may have little value or may even 
be hannful. 


■'Sodium lactate was emplo 3 'ed b 3 ' Fox ° in the 
first clinical appraisal of therap 3 ' with oral admin- 
istration of large amounts of isotonic solutions 


THER.^V WITH SERUM, PLASMA 
AXD WHOLE BLOOD 


It is fundamental to the problem to recogniz 
that in shock there occurs a disturbance of fluid 
and electrol 3 d:es in the blood and tissues, viiic' 
if corrected as far as possible will result in . 
high percentage of sunuvals. The problem pre 
sents itself as to what additional therapy vf! 
prove of benefit. 

There are other known factors, sucii as pro 
tein losses, anoxia, decreased blood volume, aci 



DATS OATS PERCENT OODT WT — BL005 lOSS 

Chart 5. — A, the similar therapeutic response ot mouse serum given orally and intravenously, a protein-frEC 
ultrafiltrate of serum administered intravenously, and 0.9 per cent solution of sodium chloride given orally m 
amounts of 8 to 10 per cent body weight. B, equal effectiveness of 0.9 per cent solution of sodium chloride pncu 
orally, intrapcritoneally and intravenously and the slight effect of 5.5 per cent de.xtrose administered intravenous ' 
in amounts of 10 per cent body weight The harmful effect of orange juice given orally in 5 per cent of body "cii; i ■ 
C, the superiority of whole blood over serum or plasma in hemorrhage; equal effectiveness of whole blood an 
erj-throcj-tes in saline solution. -■Ml curves are composite of results of several e.vpcrimcnts, with the mim ler 
mice for each curve shown in parentheses. 


of sodium salts, and he has reported promising 
results. Isotonic solutions of this salt (1.75 per 
cent) are palatable b 3 ’ mouth and withstand 
boiling for parenteral injection. The lactate ion 
serves to correct the acidosis that is present in 
vai^-ing d^rees in shock. With the amounts 
required, however, the possibiIit 3 ' of producing 
alk-alosis e.xisls. While Fox has found that this 
hazard is not important when careful observa- 
tion under hospital conditions can be enforced, 
for general use a mi.xture of 1 part of 1.75 per 
cent solution sodium lactate with 2 parts of 
0.9 per cent solution of sodium chloride would 
stern preferable. This mi.xture has been recom- 
mended L_v the Shock Committee of the National 
Research Cound!.-' 

27. Shod: Ktj/cr; 5/. Comrr.iitci cr. 3refi;c3l Re«C3rr!!, 
X3:;3~.a! Kr'T.ircl; Croiroil. Feb. 9. 19-5. 


dosis, infection and undotibtcdh’ unknoun 
which may contribute to the mortality in shock. 
It is important to know whether such distur- 
bances are primaiy or sccondan- and, it po.ssible. 
to evaluate their influence on mortality by means 

of e.xperimental therap'’. 

In bum or traumatic shock and m dcatli 
from hemorrhage in the mouse, the therapeutic 
effect of serum or plasma could be accounted 
for bv the amount of isotonic sodium which the} 
conta'in. Wc have been unable to demonstrate 
an cfFcct on mortality attributable to the atlrnin* 
tration of serum or plasma proteins. compari 
son of certain amounts of mouse scrum or 
with equal quantities of isotonic saline sohitio-- 
has shown no significant difference in rc-spon;'. i - 
tlic.ve three forms of trauma f chart 4). 

more c.xact anah'sis was attempted b} _rO"( 
paring the clcctrrJytcs in scrum with the riricm 
Acriim. This wa= nccornplidied by employing - 
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protein-free ultrafiltrate of serum along with the 
same serum and also by comparison of serum 
given by mouth (whereby the proteins as such 
would not be absorbed) with serum adminis- 
tered intravenously. In these experiments 
likewise, the therapeutic response could be at- 
tributed to the electrolytes contained in the 
serum (chart 5 A). The results with serum 
albumin (human) were inferior to those with 
saline solution or serum and here, again, could 
be correlated with the amount of electrohde 
solution (isotonic solution of sodium chloride) 
contained in tlie preparation (chart 4 A). 

Jjf contrast to the absence of influence of 
administration of serum protein was the better 
therapeutic effect obsen-ed in hemorrhage when 
whole blood or erj'throcytes in isotonic solution 
of sodium chloride were compared with plasma 
or saline solution alone (chart 5 C). 

We have carried out similar studies with whole 
blood therap}' for traumatic and burn shock and 
were unable to demonstrate any superiority over 
plasma or isotonic solution of sodium chloride 
similarly administered. In tourniquet shock, 
treatment with whole blood, 5 per cent body 
weight intravenously, brought about a survival 
of 35 per cent of 32 mice while with plasma 
40 per cent sundved. In burn shock, similar 
treatment with whole blood resulted in 42 per 
cent survivals as compared with 66 per cent with 
plasma. Thirty to 32 mice were employed in 
each groupj and the control mortalities (un- 
treated mice) were 100 per cent in both experi- 
ments."'’ 

' It is thus observ'ed that under these experi- 
mental conditions therap}- with whole blood is 
of value in hemorrhage, but in bum or traumatic 
shock no superiorit}- over plasma or saline solu- 
tion could be demonstrated. These obsen-ations 
are of particular interest in view of the recent 
use of whole blood in the treatment of all fomis 
of shock. 

OTHER F.ACTORS 


Brief mention will be made of some other 
factors which we have studied in shock. The 
hamiful effect of an environmental temperature 
that is too hot or too cold is no^y well recog- 
nized : the exact optimum remains to be 


28. Rosenthal.- Tabor, Rabat and Rosenthal.^ 

29. Unpublished results. 

30. Gatch, W. D., and Wakim, K. G. : Effect of 
External Temperature on Shock: Experimental Study, 
J. .-V. M. .A.. 121:903-907 (March 30) 1943. Cleghom, 
R. A.: The Effect of Different Em-ironmental Tem- 
peratures on the Survival of Dogs .'\fter Severe Bleed- 
ing, Canad. M. A. T. 49:363-367 (Xov.) 1943. Elman. 
R. ; Cox, \V. ^f. : Lischcr, C., and Mueller, A. J. : 
^(c^taIity in Severe Experimental Bums as .Affected 


established but available evidence indicates that 
ir lies between 16 and 24 C."““ 

Administration of 100 per cent o.xygen at atmos- 
pheric pressure did not affect mortalit}- of bum or 
tourniquet shock in mice Frank and Fine have 
previously reported negative results with oxt-gen 
at a pressure of 3 atmospheres for dogs.’^ Mor- 
phine in analgesic doses (2 to 6 mg. per kilogram) 
had no unfavorable influence on bum shock in 
mice"'’: Blalock has preriously reported similar 
results in dogs.^'' Injection of adrenal corte.x 
extract either prophylactically or subsequent to 
burns did not affect the acute mortalit}-. Like- 
wise. no therapeutic effect was obsen-ed from 
therapeutic doses of epinephrine in oil or from 
posterior pituitar}- extracts."*" In local therapy 
of bums, covering two thirds or more of the 
body surface with tannic acid, liquid petrolatum 
or cod liver oil was deleterious in that the mor- 
tality from shock was increased."" 

The immunity which has been obsen-ed after 
repeated trauma has been shown to be a local 
tissue response rather than a humoral reaction."" 

y COMMENT 

^At’ith simplified procedures it has been possible 
to stud}- the acute mortality following bums, 
trauma and hemorrhage in large numbers of 
small animals. The correction of disturbances 
of fluids and specific electrol}-tes has been demon- 
strated to be of greater importance for sun-ival 
than the administration of plasma proteins. Our 
results indicate that for the most favorable 
response quantities of isotonic solutions of 
sodium salts equal at least to 10 per cent of 
body weight are indicated during the first 
twent}--four hours. In this respect, it is believed 
that current methods of treating shock are inade- 
quate. 

63 - En\-ironmental Temperature, Proc. Soc. Exper, Biol. 

& Med. 51:350-351 (Dec.) 1942. Rosenthal."* Ricca, 
Fink, Katzin and Warren.^^E 

30a. More recent studies of temperature effects ** 
have shown that the increased sun-ival time of untreated 
animals kept at 16 to 22 C. is not a true criterion of 
optimum temperature. WTien mice 3 \-ith tourniquet 
shock are treated with adequate amounts of isotonic solu- 
tion of sodium chloride or plasma, an entirely different 
response is obtained; the majorit 5 - of them will live if 
kept at 26 to 29 C., while the majorit 3 - of them will die 
if kept below 22 C. or above 31 C. 

31. Frank, H. A., and Fine, J. ; Traumatic Shock: 
V. .A Study of the Effect of Ox 3 -gen on Hemorrhagic 
Shock, J. Clin. Investigation 22:305-313 (March) 1943. 

32. Blalock. .A. : Effects of Morphine in Experimental 
Shock Due to Hemorrhage, .Arch. Surg. 47:326-328 
(Oct) 1943. 

33. Rosenthal. S. M. : Tabor, H., and Lillie, R. D. : 
The Local Nature of .Acquired Resistance to Trauma, 
Am. J. Physiol. 143:402-406 (March) 1943. 


252 


ARCHIVES OF SURGERY 


Of practical importance is the fact that oral 
tlierapy is efficacious in the treatment of shock. 
The administration of these large volumes of 
isotonic saline solution can be accomplished most 
easily and with the least hazard if ther- are 
given in large part by mouth (or through stom- 
ach tube, if necessaiy'). Such treatment can be 
carried out in in the absence of equipment for 
intravenous injections or trained personnel. 
However, for a patient in severe collapse or 
coma, when death may be imminent, when intes- 
tinal absorption ma}' be slow or when, for an}’ 
reason, oral medication is difficult, oral therapy 
alone should not be relied on and intravenous 
or other routes of administration should be given 
preference. 

The experimental results would seem to justify 
clinical trial of oral electrolyte therapy for shock 
as a first aid or an emergency measure in civilian 
and militar}’ practice, since it can be employed 
under the simplest conditions and, when the 
emergency demands, can be adapted to self medi- 
cation. 

It should be emphasized that these observa- 
tions are concerned only with the first forty- 
eight hours following injur}’ and also that infec- 


tions or other complications which may ocn;: 
require individual attention. 

SUMM.ARY ASD COXCLUSIOXS 

The sodium, potassium and fluid changes hare 
beeri studied quantitatively in traumatic shcic.k 
in mice. The magnitude of tliese alteration? 
and the high susceptibility of shocked animal? 
to -e-xperimentally produced increases in these 
chanees suggest tliat their combined effects may 
phy an important role in the mortality from 
shock. 

A high percentage of animals will survive a-n 
otherwise fatal burn, trauma or hemorrhage if 
isotonic solutions of sodium salts in amount? 
equivalent to 10 to 15 per cent of body weight 
are administered by any route during the first 
twenty-four hours. The effect of the electrohte 
Ir a function of the sodium ion. 

It is believed that current methods of treating 
shock are inadequate in regard to the quantity oi 
isotonic sodium solution employed. 

Experimental evidence indicates that this ther- 
apy may be of value as a first aid prophylactic 
measure, as well as in the treatment of shock, 
in military and civilian practice. 



GELATIN SPONGE. A NEW HEMOSTATIC SUBSTANCE 

STUDIES OX ABSORBABILITY 

HILGER PERRY JENKINS, M.D., and JAIiIES S. CLARKE, 

CHICAGO 


Hemostasis is a fundamental principle in sur- 
gical technic. It can be satisfactorily obtained 
in most instances by ligature, clips, pressure, 
electrocoagulation and packs. There are some 
situations, however, in which venous or capillary 
bleeding maj- be difficult to control by these 
methods. This is especially true of neurosurgical 
operations in which bleeding from the dura, the 
brain or the spinal meninges mat’ be especially 
troublesome. This also obtains in many instances 
of general surgical procedures, such as operations 
on liver, kidney, spleen, pancreas, thyroid, bone, 
chest and female generative tract, in which con- 
ventional hemostatic methods may not be ade- 
quate. Ways and means of obtaining better 
hemostasis in such circumstances would consti- 
tute a substantial improvement in the general 
technic of surgery. 

The major recent advances in the problem of 
control of capillar)' and venous oozing have been 
the development of coagulating agents, such as 
thrombin, and the use of absorbable substances 
which will aid in clot formation by purely 
mechanical means, such as transmitting pressure 
to the bleeding surface and offering a matrix 
for the formation of the dot. The dot-forming 
properties of these substances are presumed to be 
enhanced by the addition of the thrombin. The 
use of muscle stamps, which was introduced by 
Cushing^ in 1911 and has been rather widely 
used in neurosurgical procedures since that time, 
constitutes the first general use of these prin- 
ciples, in that the musde transmits some pres- 
sure, is absorbed and contains a dot-promoting 
substance." 


From the Department of Surgery, University of 
Chicago, The School of Medicine. 

This work was aided in part by a grant from The 
Upjohn Compan)-, Kalamazoo, Mich. 

1. Cushing, H. : The Control of Bleeding in Opera- 
tions for Brain Tumors, with the Description of Silver 
Clips for the Occlusion of Vessels Inaccessible to the 
Ligature, Ann. Surg. 54:1, 1911. 

2. Fonio, A. : Ueber die Wirkung der intravenosen 
uhd der subkutanen Injektion von Koagulen Kocher- 
Fonio am Tieiwersuch, nebst einigen therapeutischen 
Erfahrungen, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 
27:642, 1914. 


The work of Seegers “ and his co-workers 
deserves special mention as a major contribution 
to the problem of hemostasis. They have devd- 
oped a method of preparing a purified thrombin, 
which is now commerdally available, and, further- 
more, they have worked out a method of calibra- 
tion and standardization of the potenc}’ of the 
thrombin known as the Iowa unit. There have 
been commercial preparations of thrombin or 
clot-promoting substances obtained from muscle 
or tissue extracts which have been available on 
the market for many years. This type of material 
has been outmoded, however, since the work of 
the Iowa group. 

From the standpoint of absorbable substances 
which could mechanically aid in the formation of 
a clot, the work of Frantz^ deserves attention. 
She found that o.xidized cellulose in the form of 
absorbable cotton, paper or gauze was absorbed 
in eleven' to thirty days in dogs and cats and 
produced only a mild foreign body reaction. She 
and co-workers reported the successful use of 
oxidized cellulose without thrombin to control 
bleeding in 17 cases in which muscle would other- 
wise have been required for hemostasis. Putnam ° 
used oxidized cellulose soaked in thrombin to 
control bleeding in thirtv' neurosurgical opera- 
tions and found it satisfactor)-. Cronkite, Deaver 
and Lozner ® have been favorably impressed with 
the use of thrombin with and without oxidized 
cellulose to arrest hemorrhage in operative and 
traumatic wounds. The obseiwations of Uihlein 


3. Seegers, W. H. ; Warner, E. D. ; Brinkhouse, 
K. M., and Smith, H. P. : The Use of Purified Throm- 
bin as a Hemostatic Agent, Science 89:86, 1939. See- 
gers, W. H., and Doub, L. ; Oxidized Cellulose and 
Thrombin, Proc. Soc. Exper. Biol. & Med. 56:72, 
1944. 

4. Frantz, V. K.: Absorbable Cotton, Paper and 
Gauze, Arm. Surg. 118:116, 1943. Frantz, V. K.; 
Clarke, H. T., and Lattes, R. : Hemostasis with Ab- 
sorbable Gauze, ibid. 120:181, 1944. 

5. Putnam, T. J. : The Use of Thrombin on Soluble 
Cellulose in Neurosurgery, Ann. Surg. 118:127, 1943. 

6. Cronkite, E. P. ; Deaver, J. M., and Lozner, 
E. L. : Experiences with Use of Thrombin With and 
Without Soluble Cellulose for Local Hemostasis, War 
Med. 5:80 (Feb.) 1944. 
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and colleagues • on the use of oxidized cellulose 
and thrombin has been favorable in 57 out of 60 
cases at the jMa 3 'o Clinic. 

One of the most significant contributions to 
hemostasis has resulted from the large scale 
plasma fractionation program conducted by the 
department of ph 3 -sical chemistr 3 ’ of the Harvard 
iMedical School. One of the products of this 
fractionation of human plasma was fibrin foam. 


the cerebral cortex of monke 3 's. It was four 
that the foam soaked in thrombin had a hcni', 
static action, was absorbed and caused a mininiui 
tissue reaction. The}' reported on its use i 
operations on 34 patients and felt that it had 
number of advantages over muscle as a liemc 
static agent. \\'’oodhall reported on the us 
of fibrin foam soaked in thrombin in 226 neurc 
surgical operations and found that a desiraW 



Fig. 1. — Gelatin sponge in liver after two days. The architecture of the sponge is well demonstrated. he in cr 
slices are partially filled with red blood cells, and at the junction with the liver there arc a few po > morp loniic c.i 
leuhocj tes. There is no es'idence of tissue reaction in the liier parenchyma. 


which Bering ® described in 1944. This material 
was tested by Ingraham and Baile}’ " in and on 

7. Uihicin, ; Clagctf, O. T. ; Osterberg. A. E.. 
and Bennett. W. .-V.: .Absorbable O.vidized Cellulose 
with Thrombin as a Hemostatic Agent in Surgical 
Procedures, Surg., Gynec. & Obst. 80:470, 1945. 

8. Bering. E. A. : Chemical. Clinical, and Immuno- 
logical Studies on the Products of Human Plasma 
Fraction.ation ; XX. The Development of Fibrin Foam 
as a Hemostatic .Agent and for Use in Conjunction 
with Human Thrombin. J. Clin. Investigation 23:580. 
1944. 

9. Ingraham, F. D.. and Bailey. O. T. : The Use 
of Pros.'uct.s Prepared from Human Fibrinogen and 
Hum.an Thrombi:! in Xeuro--urgcry . Fibrin Foams a* 
Hem.os'atie .\gent'. Fibrin Films in Repair of Dural 
Defects ar'd in Prcver.ti'''n of ?.leningorercbraI .Adhe- 
*■ ns, J NVur: urg. 1:23, 1944. Ingra'iam. F, D.: 
Rai'm', () T.. .'ird .'fulsrri. F. E. f^tudies sm I’ibrin 

o' ■ , 



hemostatic eflect was obtained. Ti inn oam la 
been available onl 3 ' in limited quantities an la 
been restricted in its use to a rcati\C 3 snia 
group, composed most]y of nciiro.stirgcotis. 


Special Reference to Its Comparison with Mi.'cl . 
1:171. 1944. Ingraham, F. D.. and baile)-. • 
Clinical Use of Proslucts of Human Plasma I- r.irti 
tion: HI. The Use of Proslucts 
Thrombin in Surgery. J. A. .'■f. A. 1- ■ ^ 

1944. Bailey, O. T., and Ingraham, F. D,:^ 
Clinical, and Inimunological Studies on F : 
of Ifumnn Pla-^ma I*rnct:^natrjn : 

Fibrin Foam .as a Hcmastatic .Agr.at ' • 
ainlr.ll and P.athohcgic.al .Studies, J. CIm Ir. ■ 
23:591. 1944. 
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10, V.Vrrlhall, B.: rif.rin Foam .a-. 
Agent in Re-iabilitat! ,n Xe;:ro”::!-ry, 
126:499 fO.-:. 21,i 1944. 
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The most recent of the absorbable liemostatic 
materials is gelatin sponge or foam.“ This is 
prepared from ordinary commercial gelatin, 
■which is made up in a solution, to which a 
hardening agent is added. After bubbles of air 
are introduced, the mixture is allowed to dry in 
pans. It can then be cut into any desired size 
or shape. The material which has been used for 
experimental purposes has been provided in 
sealed glass jars previously subjected to steriliza- 
tion with dr}’ heat. The gelatin sponge is a white 
crisp material which is extremely light in weight. 
One cubic centimeter weighs 9 mg. The sponge 
will take up many times its weight of water when 
it is submerged and the air bubbles expressed. 


additional factor in this evaluation, the gelatin 
sponge was used without thrombin. 

scries of 12 dogs was operated on by ordinary 
aseptic surgical technic with ether anesthesia. .Alter 
the abdomen had been opened, incisions were made 
2 cm. long and 1 cm. deep in the liver, the kidneys 
and the spleen. The brisk hemorrhage which resulted 
from these incisions was controlled by p&cking the 
moistened gelatin sponge into the incision and holding 
it in place for about two minutes with ordinary- 
moistened gauze. When the gauze was removed, the 
gelatin sponge was usually adherent in the incision and 
the bleeding stopped. Sometimes there was oozing 
from the ends of the incision, which was arrested by 
laying another piece of gelatin sponge over the length 
of the incision and covering the previously applied 
sponge. Gelatin sponge was also implanted in the 



Fig. 2. — Gelatin sponge in liver after seven days. There is a wide zone of polymorphonuclear leukocytic invasion 
of the sponge at its junction with the liver, the parenchyma of which does not appear to exhibit any inflammatory 
reaction. The sponge appears to have undergone a considerable degree of absorption, as only fragments remain near 
the liver. 


When moistened, the gelatin sponge shrinks and 
becomes soft and pliable. It easily adjusts itself 
to any irregularities in the surface to which it is 
applied. It does not fragment easily, although 
it is not especially tough. 

EXPERIMEXT.-\L STUDY 

An experiment was devised primarily to deter- 
mine the behavior of the gelatin sponge in the 
tissues of animals and the response of the tissues 
to the gelatin. To avoid the introduction of an 

11. Correll, .T. T., and Wise. E. C. : Certain Prop- 
erties of a New Physiologically .Absorbable Sponge, 
Proc. Soc. Exper. Biol. & Med. 58:233, 1945. 


omentum and in the rectus muscle near tlie abdominal 
incision. The animals were killed at periods varying from 
two to fifty-six days after the implantation. Two of the 
animals died at two and three days respectively. 


At autopsy the sponge could usually be easily 
identified in the short term implants as a red 
sogg}' mass. In the omentum there was an area 
of induration, in the center of which the sponge 
could be found if the omentum was cut across 
at this point. In the abdominal wall one could 
usually detect a small area of induration along 
the peritoneal surface (the sponge was put 
between the posterior sheath and the rectus 
muscle) which when cut revealed the sponge. 

„ .After a week or ten davs it was often difficult to 

bT. LUKES ' 


Ml »^PT 

i J. i 1 
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identify the sponge in the abdominal wall, and 
in the omentum one could find onh' a slighth- 
indurated area in which the sponge could be 
found. After two weeks it was difficult to 
identify the sponge grossl.e in the omentum. 
The sponge could usually be easily identified 
in the early specimens of liver, kidneys and 
spleen. Var\'ing amounts of fibrinous adhesions 
were present about the implants in the liver, 
although such adhesions were not common in 
the kidneys or the spleen. Implants observed 
later showed evidence of fibrous adhesions of 


which the sponge .had been implanted a mon; 
or more. In a few instances of short term ini 
plants in the liver, there was some evidence c 
exudate between the sponge and the sun'nc 
of the Ii\-er. 

Microscopic sections were made of all tli 
implants which could he identified either grosil; 
or as a residual fibrous adhesion. The gelatij 
sponge appeared as a meshwork of horaogcnou 
hematoxrdin-staining material. Where the sponj 
had been used for hemostasis, as in the liver 
the kidneys and the spleen, the interstices of tin 



Fig, 5. — Gelatin sponge in omentum after seven dayf. There is a gradual transition from t ' j 

ti'.e sponge, uhcrc tfierc arc only a few ins-ading cells, to the periphery, where there is in'.nW'n o t le ^ 

fih.'oMasts, p.?Iy'morphonucIcar leuVocyte.s. lymphocytes and macrophages. There is a gradua 
sponge architecture at the peripheral part, which merges with a surrounding zone of cellular rrsjo.i-e «i 


seen v.ithin the interstices. 


vp.rving amount which complclcly covered any 
pjrtion of the gelatin .sponge. The sponge could 
be identified in the.se hater s[x-ciincn.s only iiy 
ctttting throttgh the thin, haver of fibrous cn- 
capsuhtion, .mt! eten then one could no*, h: sure 
of ti;-; presence of any re-idnal gelatin spittge 
unt;’. tl’o m:c.'os.v,p;c .sections were in-pee’ed. 
'l it;- wa- e-^^ci.'dh. true <<: the ‘pecini-"- in 


were seen to i)C filled for tlw most pn 
blood cell.s (fig. fy' ,-,*t .- 

,as evidence of itiva-ioti th- 
of the ‘-;,onge by 5/i!yrr.mjmon-!''''j- 
•te.s. In the in'trinrcs it! ••■.ire'ii th'- 
muclear inv.a'ion v..as c.]-' c-d!/ 

. . T f.' I 
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however, there was only a slight invasion of the 
sponge by polymorphonuclear leukocytes. In 
addition, there were also lymphocytes and some 
plasma cells in the peripheral portions. 

After a week or more, the predominant cells 
invading tile gelatin sponge were macrophages. 
There was little tendency for the formation of 
foreign body giant cells, such as one sees fre- 
quently in microscopic sections of suture mate- 
rial such as cotton, silk, linen or chromic surgical 


tion became fibrous. In the longer term implants, 
the fibrous tissue appeared to invade the periph- 
ery of the sponge where absorption had occurred 
as a result of the activity of the macrophages. 

In some of the sections there was evidence of 
the surgical gut suture material which had been 
used to hold the implant in place. The tissue 
response to the gut was invariably more pro- 
nounced than that observed for the gelatin 
sponge. 



Fig. 4. — Gelatin sponge in liver after twenty-three days. The gelatin sponge is separated from the normal-appear- 
ing liver cells by a thin zone of fibrous tissue which merges with and in\-ades the peripheral portion of the sponge. 
The interstices of the sponge are filled with red blood cells in some areas, and there are a moderate number of macro- 
phages throughout. Polymorphonuclear leukocytes are scarce. There is some thinning out of the walls of the cav- 
ernous spaces and some collapsing of the walls, indicative of a moderate degree of absorption. 


gut. These macrophages did not form a dense 
mass of cells, such as one sees at the site of ab- 
sorption of chromic surgical gut, but rather a 
more evenl)* dispersed grouping of cells through- 
out the interstices of the sponge (figs. 4, 5 
and 6). 

Fibroblast response was usually observed 
within a week, producing a definite encapsula- 
tion of the sponge. Subsequently this encapsula- 


The absorption of the gelatin sponge was 
apparently most rapid in the presence of poly- 
morphonuclear leukocytes, which appeared to 
produce a liquefaction of the gelatin sponge. In 
some such instances, the absorption had pro- 
gressed almost to completion within twelve days. 
On the other hand, most of the implants showed 
evidence of a slower absorption, which appeared 
to be carried out by macrophages and which 
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identify the sponge in the abdominal wall, and 
in the omentum one could find onlj' a slightl}' 
indurated area in which the sponge could be 
found. After two weeks it was difficult to 
identify the sponge grossl)' in the omentum. 
The sponge could usually be easily identified 
in the earty specimens of liver, kidneys and 
spleen. Varying amounts of fibrinous adhesions 
were present about the implants in the liver, 
although such adhesions were not common in 
the kidnej's or the spleen. Implants observed 
later showed evidence of fibrous adhesions of 


which the sponge .had been implanted a mon; 
or more. In a few instances of short term In 
plants in the liver, there was some evidence < 
exudate between the sponge and the surf-, 
of the liver. 

Jlicroscopic sections were made of all th 
implants which could be identified either gi., -1 
or as a residual fibrous adhesion. The g.’-". 
sponge appeared as a meshwork of homc^ ■ . 
hematox}'lin-staining material. Where the spong 
had been used for hemostasis, as in the li ■ 
the kidne)'s and the spleen, the interstices of ■' 



Fig. 3 . — Gelatin sponge in omentum after seven days. There is a gradual transition from t e cen 
the sponge, where there are only a few invading cells, to the periphen', where there is invasion o t e in er^ 
fibroblasts, polymorphonuclear leukocytes, lymphocytes and macrophages. There is a gradual isin 
sponge architecture at the peripheral part, which merges with a surrounding zone of cellular response -i 
seen within the interstices. 


varying amount which completel}' covered any 
portion of the gelatin sponge. The sponge could 
be identified in these later specimens only by 
cutting through the thin layer of fibrous en- 
capsulation, and even then one could not be sure 
of the presence of an}' residual gelatin sponge 
until the microscopic sections were inspected. 
This \vas especially true of the specimens in 


ponge were seen to be filled for the P 
y red blood cells (fig. 1); ^ome ecuom 
liere was evidence of invasion of t e pe p 
ortion of the sponge by Po'ymorphonuclear 
mkocytes. In the instances m which the p 
lorphonuclear invasion was especia j no 
ble. there was evidence of absorption ot t 
elatin sponge (fig. 2 and 3). In most .ectio. 
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however, there was only a slight invasion of the 
sponge by polymorphonuclear leukocytes. In 
addition, there were also lymphocytes and some 
plasma cells in the peripheral portions. 

After a week or more, the predominant cells 
invading the gelatin sponge were macrophages. 
There was little tendency for the formation of 
foreign body giant cells, such as one sees fre- 
quently in microscopic sections of suture mate- 
rial such as cotton, silk, linen or chromic surgical 


tion became fibrous. In the longer term implants, 
the fibrous tissue appeared to invade the periph- 
ery of the sponge where absorption had occurred 
as a result of the acti\-ity of the macrophages. 

In some of the sections there was evidence of 
the surgical gut suture material which had been 
used to hold the implant in place. The tissue 
response to the gut was invariably more pro- 
nounced than that obser\'ed for the gelatin 
sponge. 



Fig. 4. — Gelatin sponge in liver after t\vent>--three days. The gelatin sponge is separated from the normal-appear- 
ing liver cells by a thin zone of fibrous tissue which merges with and in\-ades the peripheral portion of the sponge. 
The interstices of the sponge are filled with red blood cells in some areas, and there are a moderate number of macro- 
phages tliroughout. Polymorphonuclear leukocytes are scarce. There is some thinning out of the walls of the cav- 
ernous spaces and some collapsing of the walls, indicative of a moderate degree of absorption. 


gut. These macrophages did not form a dense 
mass of cells, such as one sees at the site of ab- 
sorption of chromic surgical gut. but rather a 
more evenly dispersed grouping of cells through- 
out the .interstices of the sponge (figs. 4. 5 
and 6). 

Fibroblast response was usually observed 
within a week, producing a definite encapsula- 
tion of the sponge. Subsequently this encapsula- 


The absorption of the gelatin sponge was 
apparently most rapid in the presence of poly- 
morphonuclear leukocjTes, which appeared to 
produce a liquefaction of the gelatin sponge. In 
some such instances, the absorption had pro- 
gressed almost to completion within twelve days. 
On the other hand, most of the implants showed 
evidence of a slower absorption, which appeared 
to be carried out by macrophages and which 
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apparentl}' required as long as five weeks or more 
to complete the absorption. It is probable that 
larger ■ pieces of gelatin sponge may. require a 
longer period than this to undergo complete ab- 
sorption. 

COMME^•T 

These experiments have demonstrated that 
gelatin sponge is a bland substance which is 
generalh' slowh' absorbed in the tissues over a 
period of about five weeks. There is apparently 
some degree of encapsulation and replacement 
of the gelatin sponge with fibrous tissue during 
the process of absorption. In the presence of 
conspicuous numbers of pol3-morphonuclear leu- 
koc)’tes, the gelatin sponge is rapidh’ absorbed. 
This is a point which resembles to some e.xtent 
the behavior of surgical gut in the tissues. 
In an extensive study of the absorption of 
surgical gut,^- it was found that when gut 
was rapidl}' absorbed there was a conspicuous 
polymorphonuclear leukoc3’tic response, which 
was apparentl3’ responsible for the absorp- 
tion b3' a liquefaction process. On the other 
hand, gut which was relativeh' slowty ab- 
sorbed was characterized by a slight initial 
leukoc3dic response and a subsequent fibroblast 
and macrophage resfftnse which encapsulated the 
gut and gradually disposed of it by the phagoc3-tic 
action of macrophages. In the work on surgical 
gut. itwas found that the instances of conspicuous 
initial ]eukoc3'tic response were apparentl3’- in- 
duced to a greater extent b3’’ chemical irritants in 
the tubing fluid than by irritant properties in- 
herent in the surgical gut. The -occasional in- 
stances in these experiments on gelatin sponge 
in which there was a conspicuous leukoc3’tic 
response were probabl3' due to an inflammator3' 
reaction from bacterial contamination of the 
wound. The usual obserr'ation of a negligible 

12. Jenkins, H. P., and Hrdina, L. S.; .Absorption 
of Surgical Gut (Catgut) : I. The Decline in Tensile 
Strength in the Tissues, Arch. Surg. 44:881 (ilay) 
1942; II. Pepsin Digestion Tests for the Evaluation 
of Duration of Tensile Strength in the Tissues, ibid. 
44:984 (June) 1942. Jenkins, H. P. ; Hrdina, L. S.; 
Owens, F. kl., and Swisher, F. AI. : .Absorption of 
Surgical Gut (Catgut) : III. Duration in the Tissues 
.After Loss of Tensile Strength, ibid. 45:74 (July) 
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leukoc3'tic response of the tissues to the gelatii 
sponge indicates that this is a bland substano 
which does not possess inherent irritant pro 
erties. 

It was interesting to observe the mechanica! 
hemostatic action of the gelatin sponge, when it 
was inserted into bleeding incisions in the liver. 
kidne3’ or spleen. It is probable that this hemo- 
static action is due to the enormous surface con- 
tacts between the blood and the myriads of 
cavernous spaces in the sponge which take up 
the blood from the oozing surface. In addition, 
there is the advantage of the transmission’ oi 
pressure tp the bleeding surface b3' a substance 
which does not have to be removed, thus avoid- 
ing the recurrence of bleeding so often experi- 
enced when one attemps to control the bleeding 
from an oozing surface b)- simple pressure of an 
ordinary piece of gauze, which must be ulti- 
mate)3' removed. 

Since there is little doubt about the effect of 
thrombin in promoting clot formation, wherever 
one wishes to obtain the maximum hemostatic 
effect one should probabl)' combine the thrombin 
with the mechanical hemostatic agent. The e.K- 
tent to which the thrombin enhances the hemo- 
static action of the mechanical hemostatic agents 
has not as 3’et been clearh’ demonstrated. Experi- 
ments have been planned which ma)' clarif)’ this 


point. 

The clinical use of this gelatin sponge or foam 
to aid in the control of bleeding with or without 
tire thrombin has an enormous number of possi- 
bilities. It would appear to be useful wherever 
fibrin foam or o.xidized cellulose has been proved 
to be of value. It is not within the scope of this 
communication to evaluate the relative merits 
and limitations of these relatively new herno- 
static substances; however, there is a place or 
some review of the situation from the observa- 
tions thus far made. 

Muscle is not a satisfactor3- hemostatic agent. 
It is not freely available without resort to an 
additional incision. Muscle is ^ not so easi 3 
molded to irregular surfaces, and it causes appre- 
ciable tissue reaction. .According to ngra lam 
and Bailey, oxidized cellulose is inferior to hbnn 
foam because its looser structure is ess %'e 
adapted for hemostasis, it does not adhere t 
tissues as well and it cuts and molds less easi 3 . 
Moreover, Seegers and Doub have shoivn that 
the carbo.x3-l groups of oxidized cellulose rapi ) 
inactivate thrombin solution unless neutra ize 
with sodium bicarbonate beforehand. / tiougi 
fibrin foam appears to have an advantage o\er 
o.xidized cellulose, it is dependent for its produc- 
tion on a large scale program of collection an 
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fractionation of luinian plasma. It is doubtful 
whether this source could ever fdl the needs of 
surgeons except as a special material to he used 
sparing!}’ by a few. 

It is hoped that the gelatin sponge or foam may 
serve the same useful puq>oses as fibrin foam, 
as it can be produced in unlimited amounts from 
materials which are plentiful and cheap. This 
would make available to the entire membership 
of tlie surgical profession a new substance which 
can be of aid in controlling bleeding when 
other methods are not applicable. 


sponge is apparently rapidly absorbed in the 
presence of an acute inflammator}' reaction in 
which there is a dense polymorphonuclear leuko- 
cytic reaction. Foreign bodies of any type gen- 
erally cause trouble in the presence of an acute 
inflammatory process, and it, is of interest to 
know that gelatin sponge will undergo rapid 
“liquidation” in such circumstances. Thus may 
be avoided the development of a draining sinus 
down to the foreign material, which often occurs 
when the foreign substance is resistant to the 
action of leukocytes. On the other hand, if 



Fig. 5. — Gelatin sponge in kidney after twenty-three days. The gelatin sponge has a thin zone of fibrous tissue 
at the peripheral portion, which invades the interstices. This zone of fibrous tissue separates the sponge from the 
kidney parenchjTna, which was incised at this point and appears to have healed in. extruding the sponge from the 
incision. There are red cells in some interstices. Some macrophages have invaded the sponge, which is undergoing 
a moderate degree of absorption. Cellular response in the section is less than that about most foreign bodies such 
as surgical gut, linen or silk. 


Sinclair and Douglas found that the local 
implantation of gelatin into wounds leads to an 
accelerated fibroplasia and increased strengtli. 
In the light of tliese findings, it may be that the 
gelatin sponge supplies a substance locally which 
is beneficial to healing of the wound. Another 
: point which should be brought out is that gelatin 


there is no excessive leukoct'tic response to the 
sponge, it becomes incorporated in the tissues 
and gradually absorbed by a relatively mild 
phagocr-tic cell response. 

The gelatin sponge has been used in 15 clini- 
cal cases in yarious ways to determine its be- 
havior in human tissues. It has been used in 
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incisions in the liver to obtain specimens for 
biopsy, on the under surface of the liver after 
cho]ec3’stectomy, on th3'roid beds after th3'roidec- 
tom3% on dermatome donor areas, in Iaparotom3' 
wounds and on the surface of granulating 
wounds. Our obsen'ations are too limited to 
permit us to draw an3' conclusions other than 
that bleeding was controlled and there were no 
complications which might be attributed to the 
use of the gelatin sponge, ^^'hen the gelatin is 
used on granulating wounds, it undergoes ab- 


the bone. It certainly would be infinitely better 
tolerated by the tissues than bone wax. For re- 
sections of the liver, it would appear that this 
might offer a good supplement to suture and 
electrocoagulation technic. After cholec3'stec^ 
tomy', one frequently’ encounters enough bleed- 
ing from the under surface of the liver that one 
hesitates to close the abdomen until the bleeding 
appears to be controlled. Suture of the under 
surface of the liver is a tedious procedure in some 
instances, especially’ when the relaxation of the 



Fig. 6.— Gelatin sponge in abdominal muscles after twenty-three days. The gelatin -I” S - interstices 

places and obliterated the interstices to some e.xtent. The walls of the sponge , - , ’ appears to be 

are invaded by fibroblasts, macrophages and lymphocytes in moderate numbers. The g P .. . ^^hich 

in a moderately advanced stage of absorption. There is one area where a foreign bo > E' formation of these 

may be due to suture material rather than to sponge, as the gelatin does not appear to s i 
foreign body type of giant cells. 


sorption within a day’ or two. On dermatome 
donor areas, it usually undergoes absorption in 
a lew day’s. The clinical and experimental ob- 
servations thus far made lead us to believe that 
gelatin sponge could be 'considered for use in 
many situations other than neurosurgical opera- 
tions. It would have a place in resections of 
bone in which there is troublesome bleeding from 


bdomen is not good. Furthermore, one may 
ometimes create more bleeding by suturing o\ er 
ie raw liver surface than one had originally, 
'his would be an especially suitable place for a 
emostatic substance such as gelatin sponge. In 
vnecologic procedures, one may encounter ooz- 
Ig surfaces in the pelvis which are difficult to 
mtrol by ligatures but which might respond to 


jnXKIXS-CL.-lRKE—GEL.-}TIX SPOXGE 


261 


this hemostatic suhstaiice. Bleeding from tooth 
sockets can he controlled hy gelatin sponge. 

The most hopeful use for the gelatin sponge 
might be as a first aid measure in militani- com- 
bat to pack into bleeding wounds when facilities 
are not available for the immediate treatment of 
the wounds. The use of a penicillin solution to 
moisten the sponge may have sufficient merit 
that it will be possible to control bleeding as well 
as infection until the patient is evacuated to a 
point where facilities permit more adequate care. 

There is one point about gelatin sponge which 
must be considered, the fact that gelatin per se is 
an e.xtremely good culture medium for bacteria 
and the introduction into contaminated wounds 
of a substance which would aid the growth of 
bacteria would not be without its limitations. It 
must be considered also that it is desirable to 
avoid or minimize the use of foreign material in 
a wound if possible. However, if one has the 
possibility of a troublesome hematoma to con- 
sider, there is justification for utilizing a sub- 
stance which appears to present fewer hazards 
to the healing of the wound than a large Iiema- 
toma. 


SUM M. ARY 

1. Gelatin sponge or foam was found to be a 
relatively bland substance which usually under- 
goes absorption by the phagocytic action of 
macrophages over a period of about five weeks. 

2. The presence of a conspicuous number of 
polymorphonuclear leukoc\-tes would generally 
lead to rapid absorption of the sponge within a 
few days to a week, by a liquefaction process. 

3. The magnitude of the tissue reaction to the 
gelatin sponge during the period of absorption 
was generally less than that obsen-ed for surgical 
gut. 

4. Gelatin sponge has a definite hemostatic 
action per se when applied to bleeding surfaces 
with moderate pressure. 

CON'CLUSION'S 

Gelatin sponge or foam appears to have prop- 
erties which make it suitable as an absorbable 
hemostatic substance and deser\-es clinical trial 
in the varied fields of surgery to furtlier evaluate 
its merits and limitations. 


BREAST CANCER AND “PAGET’S DISEASE OF THE BREAST' 


CYRIL J. COSTELLO, M.D. 

Trainee ot the National Cancer Institute at Barnard Free Skin and Cancer Hospital 

Sf. LOUIS 


This stud}', which has been prompted by the 
evidence of confusion and the divergence of 
opinion among clinicians and pathologists alike 
as to the nature of so-called “Paget’s disease 
of the breast,’’ embraces a thorough review c>f 
29 cases as well as a review of studies and 
obsen'ations by other investigators of this mal- 
ady. The origin of this dissension emanates 
from CDninsion in regard to tVie cause and tint 
significance of (and, consequently, the tlierapy 
indicated for) “Paget’s disease.” Here an at- 
tempt is made to answer the following questions : 

1. What is “Paget’s disease of the breast”? 

2. Is there any cogent evidence as to its etiologic 
derivation? 3. How should it be treated? 
4. Does the name “Paget’s disease,” which this 
malady has come to bear, actually clarify or 
confuse the picture, and is it, therefore, a justifi- 
able eponym? 

HISTORY 

In 1874, Sir James Paget recorded in St. 
Bartholomew’s Hospital Reports: “I believe it 
has not yet been published that certain chronic 
affections of the skin of the nipple and areola 
are very often succeeded b}' the formation of 
scirrhous cancer in the mammar}' gland. I have 
seen about fifteen cases in which this has hap- 
pened, and the events were in all of them so 
similar that one description may suffice.” - lo 
this report Paget for the first time called atten- 
tion to the malady which has since come to bear 
his name. • He described a nipple and areolar 
eruption which was, he thought, not different 
from long persistent eczema, psoriasis or other 
chronic diseases of the skin. “But it has hap- 
pened that in ever}’ case which I have been able 
to watch, cancer of the mammary gland has 
followed within at the most two years, and 
usually within one year.” 

From the Barnard Free Skin and Cancer Hospital; 
the Department of Surgerj-, 'W'ashington Universitj- 
School of Medicine. 

1. Rrom Barnard Free Skin and Cancer Hospital, 
Barnes Hospital and the St. Louis Jewish Hospital. 

2. Paget, J. : On Disease of the Mammao' -Areola 
Preceding Cancer of the Mamman- Gland, St Barth. 
Hosp. Rep. 10:87-89, 1874, 


Paget’s description was based on clinical ob- 
servations only, and it was not until tivo year- 
later ( 1876) that microscopic study of the lesior 
was made by Henr}' Butlin.® He found change- 
in the galactophorous ducts but no actual cancer. 
The changes in the dermis he interpreted ai 
eczema and concluded that the changes in the 
ducts were significant, inasmuch as, even thougr. 
TiCi taTiter was discoveitd in iVie 2 patients tira’i 
he described, it appeared highly suggestive that 
such might eventually have developed on the 
underlying duct and gland system. -Butlin i- 
generally and mistakenly credited with ha'ving 
been the first to describe the so-called “Paget 
cells,” whereas, in realit}’, he does not mentior 
these structures. It was in realit}- Darier. iit 
1889, ■* who for the first time recorded tlie de- 
scription of the “Paget cell,” the presence ot 
which in the epidermis is characteristic of thi: 
disease. Darier proposed the view that the 
changes are the result of infestation by a “psoro- 
sperm” and that an epithelioma might ensue. 
The parasitic origin of the disease has since 
been abandoned as an etiologic factor. Thin, 
in 1881,' was the first to advocate that the lesion 
of the nipple may be secondary to a carcinoma 
of the underlying mammary gland. 

In 1894 Unna ' studied the peculiar intraeph 
dermal cells and concluded that they were epi- 
dermal cells which had under^ne a peculiar 
t}-pe of degeneration. In 1907 ^^ iniwarter 
claimed to have traced all stages m develo]mient 
from a prickle cell to a charactenstic Paget 
cell.” In 1904 Handley' contended that the 


3. Butlin. H. T. : On the Minute .Anatomy of Two 
ases of Carcinoma of the Breast, Med.-Chir. Tr. GO. 
13-160, 1877. 

4. Darier, M. J. : Sur une nouvelle fonne de r-Foro- 
ermose cutanee: La maladie de Paget u mamc.c- 
)mpt. rend. Soc. de biol. 1:294-29/, 1869. 

5. Thin, G.: On the Connection Between D>-=ca-c 
the Nipple and .Areola and Tumours ot the Brea... 

-. Path. Soc. London 32:218-227, 1881.^ 

6. Unna, P. G.: Die Histopathologic der Haut- 

ankheiten. Berlin. -A. Hirschwald, 189^. ^ 

7. von M'iniwarter. H.: Ueber Pagetsche Lran,:r.«.. 
■ch. f. Dermat. u. Syph. 85:239-26-, 

8. Handley. W. S.: Paget's piscase oi the . ir?- 
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epidermal changes were “nutritional and non- 
malignant.'’ resulting from filling of the corium 
and subcutaneous tissue lymphatics with cancer 
ceils originating in the deeper ducts or acini. 

In 1900 Darier ■* considered the characteristic 
Paget changes as due to “dyskeratosis.” This 
view has since found a considerable following. 
According to Darier, dyskeratosis consists in 
developmental segregation in the epidermis of 
a number of malpighian cells, which subsequently 
develop in an abnormal manner, independent of 
their fellows. In this group of dyskeratoses he 
included Bowen's disease, dyskeratosis follicu- 
laris, Paget’s disease and molluscum contagiosum. 

Jacobaeus “ in 1904 originated the view that 
the so-called Paget cell is from the first a malig- 
nant cell and that it represents an extension into 
the epidermis from underlying glandular car- 
cinoma. Cheatle in 1923 and in 1930 con- 
cluded that changes in the epidermis might result 
from carcinoma originating in different foci and 
that the origin must be determined separately 
in each case. 

In 1927 Sir Robert Muir further elaborated 
the view of Jacobaeus. Through his studies Muir 
was able to demonstrate that in his material 
“Paget’s disease” was consistently associated with 
changes in the ducts. These changes varied from 
hyperplasia to intraductal types of carcinoma. 
He defined a “Paget cell” as a mamman.- cancer 
cell growing within a non-neoplastic epidermis. 

CLIXIC.-VL CH.\R.^CTERISTICS 

What has been called “Paget’s disease of the 
breast" begins as an intractable eczema of the 
nipple or areola (fig. 1). The patient’s first 
recollection of the onset is an often recurring 
pruritis of the skin in this region. Again, the 
first symptom may be a simple crust associated 
with weeping or even bleeding of a minor char- 
acter when it is removed. In some instances 
the first bleeding is noted to come from the 
summit of tlie nipple, though this may not cor- 
respond with the center of the cutaneous lesion. 
In any event the cutaneous lesion fails to respond 
to treatment with simple ointments or protection 
from irritating clothing and often alternates for 
long periods betrveen weeping and drv-ing with 
crust formation. 

9. Jacobaeus, H. C. : Paget’s Disease und sein Ver- 
haltniss zum Alilchdrusenkarzinom, Virchows .'\rch. f. 
path. Anat. 178:124, 1904. 

10. Oieatle, G. L., and Cutler, M. : Tumors ot the 
Breast, Philadelphia, J. B. Lippincott Company, 1930. 

11. Muir, R. : Paget’s Disease of the Xipple and Its 
Relationships, J. Path. & Bact. 30:43lA71 {.April) 
1927. 


The ages of the patients studied in this series 
varied, but all patients were past 30. There 
was no decade which had a preponderance of 
the cases, though 22 of the 29 patients were 

Table 1. — Age Distribution of Patients 


Ago Periods, Yr.* N’amber of Cases 

31 to 40 3 

41 to 50 7 

51 to CO S 

Ci to 70 7 


* The younpL',st patient was 31 years, 
t The oldest patient was 7S years. 

between 40 and 70 years when first seen. The 
duration of the cutaneous lesion before the pa- 
tient consulted a physician varied within broad 
limits (table 2), but the preponderance of the 

Table 2. — Duration of Cutaneous Lesion 


Cases, 


Less than one month 3 

One month to one year 12 

One year to two years C 

Two years to three years 3 

Three years to four year? 2 

Forty years 1 

Thirty-five years I 

Unknown duration I 


patients here obser\-ed had noted a lesion on 
the skin for from one to three years. previously. 
Three of the patients had noted a cutaneous 
manifestation for two weeks, thirty-five years 
and fort}' years respectively. The cutaneous 
lesion when ulcerated is usually bright red and 
inflamed, with a velvet}- surface of fine granular 
material. This may be small, or it may be ex- 
tensive, with complete destruction of the nipple 
and involvement of the entire areola and con- 
tiguous cutaneous surface. 

The patients in some instances complain also 
of a lump in the breast, though frequently one 

T.aele 3. — ^^ass Palpable in Breast Affected 


Cases, Cases, 

Xo. Tc 


Tes 17 50 

No 12 41 


may be discovered which has escaped the notice 
of the patient. In this series 17 patients (59 per 
cent) presented a demonstrable breast mass while 
12 (41 per cent) had no grossly erident mass 
(table 3). Qinicalh', any eczema of the breast 
should arouse suspicion, and any such lesion 
which does not completely respond in a period 
of two weeks to conser\-ative therapy with a 
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' thickening of the epidermal laver 't carcinoma of the breast ("Paget's disease”). There 

tronic mflammatorj- cellular infiltration THp™" ^ corium is a capillarj- network as well as a moderate 
astic qualities and a surrounding clear zone (X lAO) epidermis abnormal large cells with iieo- 
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Fig. 2. — A view of the epidermis from a case such as that seen under lower magnification in figure 1 
(“Paget’s disease”). Here one sees the intraepidermal malignant cells dispersed singly and in bizarre clusters 
among the epidermal cells. Note that the neoplastic cells (“Paget cells”) are generally large and have clear 
csdoplasm and pyknotic nuclei, and in no instance can be demonstrated intercellular bridges between the abnor- 
mal cells and the epidermal cells. The latter characteristic is in favor of the theorj- that the abnormal cells do 
not arise in the epidermis. Note also, in this regard, that the contiguous epidermal cells are displaced and com- 
pressed by the growth of the neoplastic cells (X 400). 
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bland ointment and protection from clothing that 
might be irritating should be subjected to biops}'. 

PATHOLOGY 

The characteristic part of the picture is found 
in the skin of the breast in the areolar region 


most instances, though occasional!}- it is dis- 
torted, destroyed or only partially invaded by 
the “Paget cells.” The corium contains a dense 
infiltration of lymphocy-tes and plasma cells as 
■n-ell as a rich supply of tiny capillaries. The 



Fij. 5 . — A mitotic figure appearing in an intraepidermal metastatic cancer cell ( Paget cell ). S 
and other characteristics of neoplastic cellular patterns arc tj'pical of these cells (X /u*')- 


mitoses 


(fig. 2). The malpighian layer is usually thick- 
ened. and the rete pegs are elongated and broad- 
ened. The basal cell laver remains intact m 


most striking and the only consistent and -in 
qua non feature of this microscopic picture 
the presence in the epidermis of a large ncf>- 
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lastic cell, the so-called Paget cell. This cell degeneration (fig. 2). Characteristically, this 

aries in size and other characteristics, just as neoplastic cell is surrounded by a clear space, 

ny neoplastic cell might in any other locus. It and in no instance are intercellular bridges found 

s usually round or ovoid. Its nucleus is hyper- to exist between it and the prickle cells. This 

hromatic. and mitotic figures are occasionally picture must be differentiated from (1) Bowen’s 



Fig. 4. — Bowen’s disease of the skin. Here, again, tlie characteristic feature of the microscopic picture is 
tlie presence in the epidermis of abnormal cells. The Bowen cells, though large, have much intracellular edema 
and eccentrically located nuclei. Multinudeated cells are common and are spoken of as “basket cells.” Hj'per- 
keratosis as seen here is a frequent accompaniment of this lesion, while it is absent in intraepidermal mestas- 
tasis (“Paget’s disease”) (X 140). 

seen (fig. 3). The cells may occur singly or disease. (2) superficial epitheliomatosis, (3) sitn- 
in bizarre clusters. The adjacent epidermal cells pie eczema of the nipple and (4) squamous cell 
are often distorted by compression or hydropic carcinoma of the breast. 
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exist benveen Bowen’s ^ qtoplasm 

The characteristic feature is a large^ntraepi- cellular edl^s 
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charartVrtc.;^ h’Sher magnification oi the epidermis of Bowen’s disease. The Bowen cells again present iht 
can be seen interr^'f ^ (irre^lar size and shape, pyknoUc nuclei and muluple nuclei) although there 

an indication that th*^ bridges e-xtending between the Bowen cells and the adjacent epidermal cells. This is 
bridf»e<: ran no- neoplastic cell probabh' evolved from an epidermal cell. This presence of intercellal?-' 

“Paget cells” n'rl'' ( P^Set s disease,” this fact furthering the evidence against the theorv- that 

eager cells anse from epidermal cells (X 400). 

12. Hcrold, \V. C., and Cooper, Z. K.: Bowen’s ^0"'cn's disease, while it is often abundant in 
isease: An Intra-Epide.-mal Carcinoma, S. Clin. “Paget’s disease.” The chief distinguishing fea- 
rt . menca — 4. 103u-lCM3, (Oct.) 1944. fiire is that whinb t\’r.itld Kg expected in a CO't' 
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ease there is actual dissociation of the abnormal bLal cell onVin n or 

cell, whereas in Bowen’s disease the cell con- from thl f ^‘*^0^5 

-.nu,.,- >v„h adjacen, epidem.al calls is cctein.d „a„p,as„ i„’ 



of niafiiman^-"^°Vnfcf'n^r'\ ^ore the picture is obviously one of chronic inflammation witiiout any evidence 

chronic inflammatore- infilt'” f^^^^res : vesicle formation on the epidermal surface, interstitial edema, 

cnronic mtlammatorj- infiltration, parakeratosis and acanthosis (X 140). 

niohii T ■'’tcrcellular bridges in the rete mal- upward into the epidermis from the basal cell 
• - presen ed (fig. 5 ). H^-perkeratosis zone rather than down into the dermis. Here, 

IS trequently seen in Bowen’s disease, while it "T; 

*'* * - i3. Montgomery, H. : Superficial Epilficliomato?i5, 

. TA A o ^ . . . 1 nf\ . -yr-T /f' _ . . •. 1 mn 


is absent in “Paget’s disease.’ 


Arch. Dermat. & 5yph. 20:339-357 f.Scpt.) 1939, 
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icn, is an intracpiclcrnial carcinoma wliicli is 
rimary, as opposed to the “Paget” type of 
hangc. which is secondary. In the former, all 
le characteristics of the ]mimary carcinoma arc 
resent and intercellular bridges may he found. 

3. Simple Eccciuo . — In simple eczema the 
licroscopic changes in the epidermis arc oh- 


pcrplasia, desquamation, edema and hydropic 
degeneration of epidermal cells. 

One finds vesicle formation on the surface, 
parakeratosis (nucleation of cells in the exfolia- 
tive layer), acanthosis (thickening of the epi- 
dermis). interstitial edema and chronic inflam- 
matory cell infiltration. 



Fig. 7. — Intraepidermal metastatic carcinoma (‘‘Paget’s disease") resulting from extension by continuity of 
adenocarcinoma from underlying breast. Here one can see carcinoma cells arranged in strands filling inter- 
stices and lymphatics of the corium. .-^t some points invasion through the basal layer into the epidermis can 
be seen, and in the layers of the epidermis are seen changes typical of “Paget's disease.” These abnormal 
intraepidermal cells are identical in detail with the carcinoma cells found in the corium and the breast tissue 
(X 140). 


viously not those of malignant processes (fig. 6). 
The basis of the process is inflammation, with 
secondaiy- epidermal changes resulting from hy- 


4. SqiiatiioKs Carcinoma .- — Of the 1.430 rad- 
ical mastectomies perfonned at Barnard Hospital 
for carcinoma of the breast, in onlv 3 were there 
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squamous cell carcinomas and 1 of these was in 
a man. In each instance the lesion was in the 
upper outer quadrant of the breast skin, well 
awa3' from the region of the areola and nipple. 

Squamous cell carcinoma presents little diffi- 
cult_v in differential diagnosis. The malignant 
invasion into the dermis of sheets of cells, the 
pearl formation and other characteristics of 
squamous cell malignancy are absent in “Paget’s 
disease.’’ The occasional case of “Paget’s” 
cutaneous change associated with complete de- 
struction of the basal la3’er 11133' offer some dif- 
ficult3', but the features of cell dissociation and 
absence of bridges prove the picture of “Paget’s 
disease.” 

RESULTS IX A STUDV OF 

TivExrr-.vrxE cases 

The clinical course of these patients has been 
followed, and tbe skin and the glandular and 
stromal elements of the underlying breasts were 
studied pathologically. The findings in these 
29 cases support the view of Jacobaeus and 
Muir, viz., the “Paget cell” is a malignant cell 
growing in a non-neoplastic epidermis. These 
cases demonstrate: 

1. That adenocarcinoma of the breast was 
present in ever3' case in which the diagnosis of 
“Paget’s disease of the breast” was made his- 
tologically. 

2 . That the intraepidernial cell called “Paget 
cell” presents the identical histologic picture of 
the cancer cells found in the underlving carci- 
noma of the breast. 

3 . That the intraepidernial cancer cells extend 
into this locus in various manners. In some. 
continuit3' is traced from the breast carcinoma 
through l3'mphatics in the subcutaneous tissue 
and the corium (fig. 7 ) ; in others there is found 
direct extension along the interstices, and in still 
others one sees direct extension of malignant 
cells from ducts of the breast into the epidermis 
at their junction (fig. 8). 

In some of m3' cases it has not been possible 
to demonstrate continuit3' of spread b3' 303- of 
these channels. However. I cannot but be of 
the opinion that it could be rei'ealed in each case 
were adequate serial sections taken with this pur- 
pose in view. 

4 . That the changes in the skin of the breast 
also attest to this chain of events in their develop- 
ment. The intraepidermal clusters of cells some- 
times present an acinar arrangement. The con- 
tiguous epidermal cells are usualh- distorted 
secondaril)' by compression or bi' hydropic de- 
generation, and in no instance do the epidermal 
cells present 303' gradation of changes ranging 
from normal to malignant. In no instance can 


intercellular bridges be demonstrated betvvee: 
the epidermal cells and the malignant cells, acd 
in no instance does the epidermal cell show any 
tendenc3' toward epidermal reproduction, sad: 
as might be expected in a primary- epidermal 
malignancy'. 


XATURE OF THE .MALIGXA.XT LESION 
OF THE BREAST 

In this series of cases, there was nothina 
unusual in the type of breast cancer assodated 
with the cutaneous manifestation. However, one 
interesting phenomenon was observed, whid. 
probably' explains why the cutaneous lesion in 
some instances has existed for a long period 
before frank carcinoma of the breast could be 
recognized clinically. In some cases extremely 
early intraductal carcinoma was present, which 
had become quarantined by fibrous tissue before 
it became very' large. This, plus its position im- 
mediately' beneath the nipple, made it impossible 
to be palpated and limited its grow'th. It is this 
ty'pe of cancer that is more likely' to go undi^ 
covered by' incomplete pathologic examination, 
and it is this same type that presents in a high 
frequency' of cases no palpable mass. This in- 
traductal tvpe of carcinoma may' be confused 
with benign lesions showng a pronounced d^ee 
of hy'perplasia. However, on closer examination, 
one can discover areas at which the malignant 
cells have already broken through the elastica 
and have begun periductal infiltration. Just hot- 
long such a lesion may exist before it assumes 
this last characteristic, periductal invasion, is a 
matter of conjecture. Probably it varies. But 
in any event it is the most likely • ^xplanaboa 
for the existence of malignant cells in the epi 
dermis for long intervals before frank cara 
nomatous masses appear in the br^st proper 
Apparentlv the malignant process in the duct 
mav extend to the epidermis along the course 
of the duct and present a dermal and epiderm 
lesion long before actual inv^ion of an ex‘ensn 
nature occurs in other directions. On t le o 
hand, there is adequate ewdence that simh a 
apparently trivial lesion may ha\e metas -i 
at this earlv stage to the a.xillary lymphatics, 
is for these reasons that the emphasis must be 
placed on early' radical therapy 
the presence of a palpable mass or of the duratmn 
of the cutaneous lesion. The fact that the 
taneous lesion has been present for a Jong 
does not by any means preclude the tart that 
patient also has microscopic evidence 01 canc _ 
the breast and even axillary- metastases. ‘ 

the majority of the cases, a frank adenocarc^ 
was present and it was impossible to asce 
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vliether it oriijinatcd in acinar or duct cells, 
n only S of the 29 eases in this series was there 
in intraductal carcinoma. 

EXTR.\M.\MM.\RY “P.\GET’s DISE.\SE‘’ 

In 1937 H. .-V. Weiner " reviewed the 57 cases 
.Inch until that time had been reported as in- 
tances of “extramammary Paget’s disease.’’ He 
so presented the details of a case of his own. 
In his patient, he too was able to demonstrate 
ihat the intraepidermal cells were, in truth, neo- 
ijlastic cells extending from a subjacent aiwcrinc 
gland carcinoma of the vulva. Following a crit- 
ical study, he concluded that only 15 of the 
57 cases so reported entailed sufficient evidence 
(microscopic e.xamination) to warrant such a 
diagnosis. In all the acceptable cases the changes 
occurred in the skin of the areas (axilla and ano- 
genital regions) in which the apocrine sweat 
glands are present. Of these 15 cases. 9 pre- 
sented definite evidence of carcinoma elsewhere 
than in the epidermis, and this in each instance 
was a glandular carcinoma. In the remaining 
G cases, either no mention was made of cancer 
or no adequate examination to discover its pres- 
ence was performed. Others have reported in- 
traepidermal metastatic carcinoma associated with 
epithelioma, melanoma and rectal carcinoma. 
Such an obseiwation has led Drake and Whit- 
field and Civatte (cited by Weiner) to propose 
that “Paget’s disease of the skin’’ is a nevocar- 
cinoma.^' Actually, however, a variet}- of tumors 
have produced the phenomenon, and it is un- 
reasonable to postulate that all such metastases 
must be explained on the basis of one particular 
type. 

commext 

From the evidence obtainable some tenable 
conclusions may be drawn : 

1, Intraepidermal metastatic carcinoma has 
been repeatedly seen as an accompaniment of 

14. Weiner, H. A.; Paget’s Disease oi the Skin 
and Its Relation to Carcinoma of the .'\pocrine Sweat 
Glands, Am. J. Cancer 31:373-403 (Nor.) 1937. 

15. The intraepidermal presence of lUcques and clear 

cells in junction n^pe nevi and in melanomas has been 
repeatedly observed. The clear cell of the junction 
nevus is easily differentiated from the "Paget cell.’’ 
Opinion varies here, again, as to the nature of this 
intraepidennal cell, though from the evidence at hand 
it appears that the cell originates in the epidermal laj-er 
and does not represent an invasion into it. (Becker, 
S. II’. : Cutaneous Melanoma : Histologic Study, 

Especially Directed Toward the Study of Melanoblasts. 
.•ireh. Dermat. S: Syph. 21:SlS-^5 [May] 1930. 
Nicolau. S.: Sur le phenomtoe de migration cellulaire 
intra-epidermique dans le nevocarcinome. .Ann. de dermat. 
et syph. 1:74^762 [July] 1930. Traub, E., and Keil, 
H. : The “Common Mole." .Arch. Dermat. & Svph. 
41:214-252 [Feb.] 1940.) 


\-arious types of malignant disease variously 
situated. Some of these metastases have been 
demonstrated as occurring by varialile routes, 
viz., direct c.xtension, ductal extension or by 
way of lympliatic channels. 

2. The inaccuracy of e.xplaining all such intra- 
cpidermal metastatic malignant growths on the 
basis of a single type of carcinoma is evident, 
since the\’ may occur from underhdng breast 
carcinoma, from epithelioma, from melanoma, 
from apocrine gland carcinoma and possibly from 
others. 

3. Much of the difficulty which has arisen in 
regard to this picture is the result of eponymic 
labeling of the disease. While due credit should 
be attributed to Sir James Paget for first calling 
attention to the relationship between carcinoma 
of the breast and an eczema-like lesion of the 
nipple, the term “Paget’s disease" has proved 
unfortunate because it has defeated the ver}- pur- 
pose of illustrating this relationship. The placing 
of all such lesions into a group and labeling them 
“Paget’s disease’’ has confused not onh- the 
clinician who desires to know what he is treating 
in order that he may treat it adequately but also 
the pathologist who attempts to theorize on the 
basis of 1 or several cases as to the nature of 
what he believes must be an entiw, “Paget’s 
disease.” 

One purpose back of the presentation of this 
stud)- is to recommend that the terms "Paget’s 
disease of the breast” and “extramammary 
Paget’s disease” be abandoned altogether. The 
fact that the cells called “Paget cells” are car- 
cinoma cells has been established. Xo Wpical 
and acceptable case of "Paget’s disease’’ which 
has been adequately studied can be found that 
is not associated with carcinoma. It is essential 
to the welfare of such patients, then, that their 
maladies be recognized as cancer at the earliest 
possible stage, that is, when the cells are seen 
in the skin and not when the patient returns 
with obvious progression following inadequate 
treatment. AVhen carcinoma cells are discovered 
in a benign epidermis, they should be called car- 
cinoma cells rather than “Paget cells.” In the 
case of breast lesions, the clinician could and 
should then treat the malady as a carcinoma 
primar)- in the breast, irrespective of palpable 
mass. In 41 per cent of 29 cases there was 
no palpable mass when the diagnosis of the skin 
was made, and yet adenocarcinoma of the breast 
was demonstrated microscopically. Thus, earlier 
recognition and earlier treatment of carcinoma 
in such cases will result. 
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SUMMARY 

1. “Paget cells” appear to be metastatic cancer 
cells. 

2. In order to insure earlier recognition, re- 
fractor}- eczeinatoid lesions of the breast should 
be subjected to biops}’. 

3. The origin of “Paget cells” nia}’ be from 
breast carcinoma, epithelioma, rectal adenocar- 
cinoma, apocrine sweat gland carcinoma or 
other tumors. 

4. The mode of extension may be by direct 
extension, retrograde lymphatic continuitj' or 
ductal spread. 

5. Twenty-nine cases of “Paget’s disease of 
the breast” are presented to attest to these facts. 


6. In order to reduce confusion among pathol- 
ogists and clinicians and in order to facilitate 
earlier and more rational therapy, the eponymic 
nomenclature (“Paget’s disease of the breast” 
and “extramammary Paget’s disease”) should 
be abandoned. 

7 . “Secondar}' epidermal carcinoma” is sug- 
gested as a preferable term. 

8. Treatment of secondarr' epidermal carci- 
noma must proceed along the lines of rational 
elimination of the primar)- carcinoma as well as 
of the cutaneous lesion. 

9. In order to insure higher airability rate, 
treatment for secondarj- epidermal carcinoma of 
the breast must include radical mastectomy, 
whether the primary site can be palpably detected 
or not. 



SKELETAL FIXATION OF MANDIBULAR FRACTURES 

REPORT OF five CASES, WITH NINE FRACTURES 


HUGH D. BURKE, D.D.S.; DAVID L. MURPHY, M.D. 

AND 

■\V. A. McXICHOLS, M.D. 

DIXON, 


Injuries to the head have heen steadily in- 
creasing in the past quarter of a century, and 
fractures of the mandible in particular have in- 
creased manyfold. The illustration (fig. 1) 
from Fomon’s textbook ^ shows the various sites 
of fractures and the frequency of occurrence. 
While this is an accurate and standard chart, 
the present situation presents a more complex 
picture. The forces causing head injuries seem 
to be more intense, with the result that the frac- 
tures are frequently multiple and the displace- 
ment of the fragments extremely complicating. 

Broken jaws have heen recorded in medical 
historj- since 3.000 B. C., according to Breas- 



Fig. 1. — Sites of predilection of mandibular fractures, 
in order of frequency; (a) angle; (6) mental foramen; 
(c) molar region; (d) sjanphysis; (c) condyle and (/) 
coronoid process. (From Fomon.*^) 

ted’s = translation of the Edwin Smith surgical 
p>ap)Tus. Since this recording of such an injury, 
there have been numerous methods of treatment. 
We have tried many of these tUth varying degrees 
of success. Until the advent of skeletal fixation, 
there has not been a universal method of treat- 

1. Fomon, S.; Surgerj" of Injury and Plastic 
Repair, Baltimore, Williams & Wilkins Companv, 1939, 
p. 1203. 

2. Breasted. J. H. : Edwin Smitli Surgical Papyrus, 
Published in Facsimile and Hieroglyphic Translitera- 
tion with Translation and Commentary, Chicago, Uni- 
versity of Chicago Press, 1930. 


ILL. 

inent adequate to handle any fracture that was 
presented. It is still possible for the condyle to 
be broken so short that pins cannot be inserted. 
In such a rare instance, an open operation would 
be mandator}'. 

Because of the increasing frequency of injuries 
to the head with the resulting fractures of the 
mandible and the superior maxilla, we feel that 
each locality or each hospital should have a group 
which is interested in such fractures. The ideal 
team is an oral surgeon, an otolart'ngologist and 
a general surgeon. The oral surgeon contributes 
his knowledge of the alinement of the teeth and 
the methods of securing a functioning bite. The 
otolaiyngologist contributes his knowledge of the 
bones of the face and his abilit}’ to handle other 
fractures of the face as well as other complicating 
injuries of the head and neck. The general sur- 
geon, with a large practice in fractures, adnses 
as to the alinement of the teeth and the general 
condition of the patient. 

Roger Anderson “ has been credited with the 
practical development of the treatment of frac- 
tures by external appliance and pin fixation. 
This is the apparatus that we used. There are 
other appliances on the market, but we decided to 
use this because of its simplicity and light weight. 
It is simple, safe, comfortable and economical. 

Gillies * listed the advantages of external 
skeletal fixation : 1 . It is available for types of 
fractures which cannot be treated by other 
methods. 2. It may be immediately applied to any 
fracture. There is perfect control of aU frag- 
ments and anatomic reposition. 3. It permits 
immediate movement of the temporomandibular 
joint. 4. It prox-ides for cleanliness of the whole 
buccal caUty. We found all these advantages, 
and so far we have found no disadvantages. 

We have seen roentgenograms of other pa- 
tients, in whom the pins were placed too high. 

3. Anderson, R. ; Ambulatory Method of Treating 
Fractures of Shaft of Femur, Surg., Gvnec. & ObsL 
62:863-873 (May) 1936. 

4. Gillies, H. D.: Replacement and Control of 
Maxilla Facial Fracture, Brit. Dent. J. 71:351-358 
(Dec.) 1941. 
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They were in the loose tissue of the alveolar 
process and at various angles. If good results 
are to be obtained, the apparatus must be ap- 
plied correctly. Waldron ° has told how to place 
the pins: 

The pins are inserted through the skin without inci- 
sions and tlirough the mandible about 5 mm. abor’t 
the lower border. The pins are placed at an angle of 
appro-xiinately 70 degrees and a hand drill is recom- 
mended for their insertion. The pin clamps are then 
applied and connected by a rod, and thus a strong and 
secure fixation of the fragment is assured. A second unit 
is placed in the adjacent fragment. The displacement is 
then reduced manually and the fracture immobilized 
by joining the two units by means of two universal 
fixation rod clamps and a fixation bar. This appliance 
can be loosened and adjustments made in the event 
complete reduction and proper alinement have not been 
secured at the time that it was first employed. 

We are enthusiastic about this skeletal fixa- 
tion. All of our pins have been well placed, and 
healing and occlusion have been excellent. We 
recommend wholeheartedly that before the first 
attempt at pinning condylar fragments one go to 
the laborator}\ One should place the pins in the 
attached condyle and then make a window and 
obsert'e where the pins are placed. Through a 
skin flap, the cond3'le on the opposite side should 
be severed from the mandible with a Gigli saw 
at the point of fracture in the patient to be 
operated on. Then after the skin flap has been 
replaced, the pins should be placed in this frag- 
ment. Thoma ® used only one pin in the short 
fragment, but we prefer two. B}’’ placing two 
pins in the fragment, we have absolute fixa- 
tion at once and the patient has all motions of 
his jaw. 

All the patients in the following cases, with 1 
exception, had their fractures reduced and 
skeletal fixation applied while they were under 
pentotlial sodium anesthesia. The operating 
time, which included taking of roentgenograms 
for checking alinement, varied from fort)"^ minutes 
in the cases of angle fracture to three hours and 
forty minutes in case no. 5, with the multiple 
fractures. 

REPORT OF CASES 

Case 1 (figs. 2 and 3). — A pullman porter, aged 63, 
was critically injured in a train wreck. Head injuries 
included a basal skull fracture and hvo fractures of the 
inferior maxilla, with the symphysis floating free and with 
pronounced displacement of the lower fragment. The 
patient was edentulous. His conditon was further com- 
plicated by severe burns on his neck extending to the 
lower border of the inferior maxilla. The burned area 


5. Waldron, C. W. : Skeletal Fi.xation in the Treat- 
ment of the Fractures of the Mandible, J. Oral Surg, 
1:59-83 (Jan.) 1943. 

6. Thoma, K. H. : Fractures and Fracture Disloca- 
tion of the ^^andibuIar Condyle, J. Oral Surg. 3:3-59 
(Jan.) 1943. 


was infected ; thus an open operation could not be con- 
sidered. The general condition of the patient, which 
included additional fractures and burns, delayed the 
setting of the jaw two and a half weeks. 

Owing to the callus formation, perfect alinement of 
the fragments was impossible. However, the end result 
was so good that dentures could be installed within 
three weeks after the immobilization of the fragments, 
at which time the patient could properly masticate solid 
food. Registration of the bite was obtained by 
McGrane’s pin tracer technic. Immediately after the 
immobilization of the fragments with the skeletal fixa- 
tion, the patient's mental haziness cleared. Food could 
be utilized, and the immediate improvement was evi- 
denced in physical as well as mental well-being. The 



Fig. 2.— Diagrammatic drawing showing the sym- 
physis floating free and overriding. 



Fig. 3.-Finn and permanent fixation of the syrni- 


physis. 


.ge effected in such a case is so pronounced that 
ige cntiLicu . removed 

must see it to appreciate it. P 

fie end of eight weeks. 

iases 2 and 3 were instances of 
angle of the jaw with the third molar oos 
in the crevice of the fracture holding th^e 

s apart. These angle fractures are the eas - 

,11 to immobilize and aline with e.xterior fix - 
I, but they present an unsolvable pro em 
other method. 

SSE 2.— A farmer was kicked by a horse. After 
wing intensely for one week, he 
fragments immobilized. Within three } 
uming a regular diet, and in seven ays c 


/ 





BURKB IIT AL.—MASDIBVLAR FRACTURES 


281 


oing rcfriilar work on the farm. The pins were rc- 
loved in the office at the end of eipht weeks. 

Case o (figs. 4 and 5). — Tlie patient was a man, aged 
S. A roentgenogram sliowcd a transverse fracture of the 
ight mandible at the jnnetien of tlie horizontal and the 
'cending ramus which transversed the entire width of 
he bone, splitting the alveolus of the wisdom tooth. 
I here was a dislocation inward of the proximal frag- 
The third molar in the crevice was extracted 
■ four pins inserted, two horizontally and two verti- 



Fig. 4, — Perfect alinement of an angle -fracture. 



Fig. S. — Placement of pins in an angle fracture. 

cally. This patient, as well as tlie preceding patient, 
had an excellent resultant bite. 

Case 4 . — A young woman, aged 28, was injured in 
an automobile accident. She had a shattering fracture 
of inferior mandible at tlie left mental foramen. She 
also suffered a crushing fracture of the left superior 
maxilla, with tlie left alveolar process pushed up to the 
left orbit. In addition, there were fractures of tlie 
right femur and both ankles. The patient was in a 
state of physical and mental prostration. Her mandible 
was fixed by skeletal fixation first. Her mental and 
physical condition cleared at once after the comfortable 
and permanent fixation of this painful fracture. Three 
days later the shattered fragments of the left superior 


maxilla were molded. The loss of the upper left central 
incisor, lateral incisor, cuspid, first bicuspid, second 
bicuspid and first molar grcatlj- weakened the area. 
The second and third molars were brought into aline- 
ment and licld in position by a Straith mouth piece. 
A screw was placed in the left inferior orbital ridge, 
and this was held out by a bar from a Straith head 
splint buried in plaster. .-Vfter these fractures were 
fi.xcd the other fractures were corrected. The superior 
maxilla fractures were healed in six weeks ; the inferior 
mandible was held firmly in place for eight weeks. 
Roentgenograms then showed the fracture firmly healed 
and so tltc pins were removed. Prosthetic restoration 
was satisfactory both from the esthetic and the func- 
tional standpoint. 

Case 5 (figs. 6 and 7 ). — A girl, aged 18, was a pas- 
senger in a pleasure car which was in head-on collision. 
She suffered no injuries other than four fractures of 



Fig. 6. — Four fractures of mandible, bilateral con- 
dylar, left angle, and sj-mphysis crushed. 


Fig. 7. — Close-up showing how pins were placed to 
hold all fragments. The plaster cap and supporting 
rod were used for ten days, as the masseter muscles 
were so bruised that the patient could not keep her 
mouth closed, and she complained of her throat becoming 
dry. In ten days this plaster cap was removed and all 
motions of the jaw were freely permitted. 
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the inferior mandible, the loss of the four lower incisors 
and the partial loss of her lower lip 0.5 inch (1.3 cm.) 
wide at the left angle of her mouth, tapering to an 
apex toward the right angle. 

The fractures consisted of a shattering of the sr-mphj’sis 
and a transverse fracture of the left angle at the junc- 
tion of the horizontal and the ascending ramus whch 
transversed the entire width of the bone. Both condyles 
were broken off % inch (1.6 cm.) below the condylar 
process. The proximal fragments were both pushed 
to the right and the distal fragments were overriding 
to the left. Two pins were placed in the small stumps 
of the condylar processes. After that it was fairlj' eas 3 ' 
to manipulate and fix the fractures. We had a great 
deal of trouble visualizing these fractures with roentgen 
ray. This girl’s bite is not perfect, but it is functional. 
The pins were removed in ten weeks. 

CONCLUSIONS 

These cases were not selected from the files 
of a large hospital clinic. The patients presented 
themselves over a short period in the medical 


offices of a small communit)’. The}- are case; 
which an)' physician or dentist may receive any 
day'. Their importance lies in the fact that they 
illustrate the universal satisfaction which both 
phy'sician and patient derive from this method oi 
handling such difficult cases. The fractures can 
be reduced immediately; free movement is re- 
stored to the Jaws; the whole process is clean and 
easily cared for, and the patient resumes normal 
activity' in a minimum of time. 


CORRECTION 

In the article bj' Kenneth W'. Penhale, D.D.S., J[.D_ 
entitled “Acrj'lic Resin as an Implant for Correctior, 
of Facial Deformities,” in the May issue (Arch. Suxs- 
50:233, 1943) the reference in the first line of the 
legend for figure 8 should be to figure 7 instead ci 
to figure 3. 



PROGRESS IX ORTHOPEDIC SURGERV FOR 1944 

A KF-VIE\V PREPARED BY AN EDITORIAL BOARD OF THE AMERICAN 
ACADEMY OF ORTHOPAEDIC SURGEONS 

YI. CONGENITAL DISLOCATION OF THE HIP 

PREPARFJ) HY a. PRUCE GILL, M.D., PniLAnEI.PHIA 


Tunier stresses the importance ot early 
:liagnosis and treatment of congenital dislocation 
of the hip. He feels that complications become 
worse with delay. The physical signs arc listed 
as: I. Unilateral dislocation: (o) apparent short- 
ening. (/;) decrease in range of abduction, (c) 
piston motion, (rf) asymmetry of skin folds 
about the thighs, {c) palpation of the head of 
the femur, (/) trochanter affected near the ante- 
rior superior spine. II. Bilateral dislocation : (a) 
wide perineum, (b) apparent lordosis, (c) un- 
usually deep skin folds, (rf) trochanters unusu- 
ally near level of anterior superior spines, (c) 
palpation of femoral heads. It is noted in the 
roentgenograms that in congenital dislocation 
( 1 ) the acetabular roof is sloping more than the 
normal 170 degrees. (2) the acetabulum is 
shallow, (3) tlie epiphysis is smaller, (4) the 
epiphysis. is displaced, (5) Shenton’s line is dis- 
turbed and (6) the metaphysial beak is displaced 
more laterally. The treatment should start as 
soon as possible. The complications are ante- 
version of the neck and aseptic necrosis. 

Thompson discusses primar}- acetabular 
di’splasia as the basic factor in congenital dis- 
location of the hip. The condition is hereditar}’ 
and may be transmitted tlirough either side of 
die famih'. This dt'splasia may be recognized 
in the earl\- weeks of life by the obliquitj- and 
the shallowness of the acetabulum as seen in 
roentgenograms of the hips. Dislocation maj- or 
ma)- not occur, depending on the degree of the 
imperfection of the acetabulum, but if the dys- 
plasia is not corrected during the period of 
gp'O'wth the hip will always be abnormal, even 
though frank dislocation does not develop. 

Natural growth processes will frequend}' over- 
come the d\-splasia and cause a normal develop- 
ment of the acetabulum and of the head of the 

170. Turner, V*. C. : Importance of Early Recognition 
of Congenital Dislocation of the Hip, AI. J. Wisconsin 
43:613-617 (June) 1944. 

171. Thompson. F. R. : Early Diagnosis and Early 
Treatment of Congenital Dislocation (Acetabularj’ 
Dysplasia) of the Hip, New York State J. Med. 44: 
1095-1102 (May 15) 1944. 


femur if the normal mechanics of the hip are 
restored and maintained. Early treatments to 
take advantage of normal growdi from the be- 
ginning arc imperative. 

The author reviews the clinical and roentgeno- 
graphic evidence of “predislocations” of the hip. 
[Ed. X’ote. — I attach more importance to limi- 
tation of abduction than to asymmetry of the 
gluteal folds.] Predislocation should be treated 
by maintaining the hip in abduction and internal 
rotation until a roentgenogram shows that the 
hip has developed normally. 

Dislocation should be reduced as soon as die 
diagnosis is made. Careful bloodless reduction 
is generally employed. If the dislocation cannot 
be reduced by manipulation or if reduction is 
not maintained, open reduction should be per- 
fonned. Thompson has performed open reduc- 
tion on a patient at as early an age as 5 months. 
He believes that the acetabulum develops more 
rapidly after open reduction than during fixation 
in a position of incomplete reduction. He advises 
osteotomy six weeks after open reduction, to 
correct anteversion of the neck. Fixation in 
plaster for six months after the open reduction 
is followed by imrestricted use of the extremit}-. 
widiout further orthopedic treatment. Periodic 
roentgenographic check-up is advocated there- 
after until it is apparent that the hip joint has 
developed normally. 

Lapin discusses predislocation and describes 
3 cases of suggestive physical signs of inequalit}- 
of the tivo hip sockets, e. g., waddle gait, limp 
and asjmmetry of buttock folds. In all the cases 
the roentgenologic examination shows normal 
conditions. A possible explanation offered is that 
on one side there may be a long capsular hga- 
ment or an intracapsular tissue of increased 
volume. 

IMichall suggests that poor results in reduc- 
tion are often due to difficult}' of immobilizing 

172. Lapin, H. : Pseudocongenital Dislocations of 
the Hip in Infants: Three Cases, .^\rch. PediaL 60:649- 
652 (Dec.) 1943. 

(Fooinoies continued or. r.cTi fege) 
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the pelvis. He describes a pelvifixator, a steel 
plate with bars and straps devised by Nicod, 
which permits complete immobilization of the 
■pelvis, with no interference with maneuvers, and 
causes no injury to the patient. Hitherto, to his 
knowledge no such apparatus has been described. 
A detailed illustrated description of the appa- 
ratus follows. Five cases are described in detail. 
Of 83 cases in which it was used, results were 
good in 23 and satisfactory in 29, and recurrences 
took place in 31, Results are much better in 
younger children than in older children. Non- 
surgical treatment is the method of choice, even 
for older children. If poor results are noted, 
surgical treatment should be instituted at about 
5 3"ears of age. For an irreducible congenital 
dislocation, osteotomy may be used. 

Ponseti made a studt- of 129 patients (one 
hundred and seventy-three hips treated) in the 
clinic of Dr. Arthur Steindler at the State Uni- 
versit)' of Iowa College of Medicine to determine 
the factors which prevent normal development 
of the hip during the course of treatment for 
congenital dislocation of the hip. AH patients 
were under observation for more than four years. 

The author divides his cases into three groups : 
(1) cases of prenatal dislocations, present at 
birth ; (2) cases of postnatal dislocations, pre- 
senting predislocation at birth and progressing 
, to complete dislocation, and (3) doubtful cases, 
seen after infanc}^ presenting both a primary 
and a secondarj- acetabulum, with the time of 
dislocation unknown. 

Treatment of the first type is usually un- 
availing. The structures of the hip are too far 
removed from the normal. 

Predislocation, discovered in the early weeks 
or months of life, is treated by some method of 
abduction. Almost uniformU' good results are 
obtained in these cases. The head of the femur 
is maintained securely in the acetabulum, and 
normal growth of the acetabular roof takes place 
during this earh' period. 

Complete postnatal dislocation should be re- 
duced by gentle manipulation. The hip is then 
fixed in plaster in a position of 90 degrees of 
flexion and 60 to 70 degrees of abduction 
nValdenstrbm position) for a period of three 
to four months. Then, with the patient under 
anesthesia, the legs are placed in the Lange 
position with internal rotation and retained in 

173. Jli’chail. J. : Treatment of Congenital Disloca- 
tions of the Hip in Qiiidren, Pra.x/s 32:693-700 (Sept. 
20) 1943. 

174. Ponseti. I. ; Causes of Failure in T reatmcnt of 
Congenital Dislocation of the Hip (Improved Method. 
Including Use of Abduction Bar). J, Bone & Joint Surg. 
26; 775-792 (Oct.) 194-4. 


plaster for another two months. The author then 
maintains abduction by a bar between the feet. 
The bar is attached to plates on the shoes. A pin 
is put into the plate to limit outward rotation at 
75 degrees and to permit free inward rotation, 
iflovement of the hips is permitted by this appa- 
ratus. The appliance is kept on for from two to 
six months, depending on the development of the 
acetabulum. W’^alking is then permitted for two 
hours dail}' for the next month, and the time is 
graduallj" increased. 

If bloodless reduction cannot be accomplished, 
open reduction is advised. 

The author believes that failure to secure a 
successful result is due to ( 1 ) epiphysitis of the 
head, (2) tendency of the head to become sub- 
luxated when the child begins to walk and (3) 
osteosclerosis of the acetabular roof. 

Leveuf’"® has noted that in congenitally dis- 
located hips reduced by orthopedic methods one 
may often find a deformity of tlie upper end of 
the femur, especial!}- at the level of the head. 
Of 600 cases studied roentgenologicall)' for late 
results, only 25 per cent showed good anatomic 
and functional results. In more than half of the 
remaining 75 per cent there was a deformity 
of the head of' the femur. Various theories of 
pathogenesis are reviewed. In reports of 12 
biopsies of cartilage of the head removed at 
operative reduction, the histologic changes are 
described, including cavitation and ulceration. 
Nine specimens were from children of 2 to a 
years, and .orthopedic treatment had been initi- 
ated at 8 or 10 to 14 months in 4 cases, at 22 
months in 2 cases and at 30 months in 3 cases. 
All the patients showed pronounced lesions of 
the cartilage of the head of the femur, with 
changes similar to those seen in arthritis de- 
formans. These obsen-ations show that ortho- 
pedic maneuvers for reduction may lead to severe 
and permanent lesions of the hip joint. Ortho- 
pedic reduction should alwap's be attempted m 
cases of cong^enital dislocation of the hip, 
under control of arthrography, which reveal- 
any obstacles to reduction which would require 
surgical removal. This method avoids prolonged 
immobilization in a faulty position. In case, 
without cartilaginous lesions, the results were 
excellent. Perfect function can be hoped for m 
cases in which the joint has not been destroy c( 


bv futile orthopedic manipulation. 

Nathanson and Lewitan report 3 ca.e. 
showing the association of spina bifida and di- 

175. Leveuf, J. : Pathoiogy of Grave U.-ions of Head 
of Femur Following Unsuccessful Attempt at Drt 
paedic Reduction of Congenital Luxations Hip. - 
Acad- de chir. 68;400'403 fXov. 11-18) 
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ication ot the hips. The authors believe that 
’e dislocations are tlie result of the neural 
cfect produced by the spina bifida. They point 
ut that in severe forms it is accompanied with 
'ther anomalies: ancnccphaly, hydrocephalus, 
alipes equinus and others. The abnormality 
uost commonly occurs in the lumbosacral region, 
aid the neurologic signs manifest themselves in 
he lower limbs. Oftai one group of muscles 
:how fair jiower. whereas antagonists may show 
'omplete paralysis. This was the condition in 
'■-3 cases presented. Urinary incontinence and. 
less frequently, fecal incontinence are present, 
t wo types of dislocation are distinguished : ( 1 ) 
-he endogenous, in which there is a develop- 
mental arrest in the acetabular roof, and (2) the 
dynamic, in which abnormal forces are present, 
e. g., relaxation of the hip ligaments and im- 
balance of the muscle. The dislocation usually 

176. Xathanson, L., and Lewitan, .-y. ; Spina Bifida 
-Associated witli Dislocation of the Hip, Am. J. 
Roentgenol. 51:635-638 (May) 1944. 


occurs in the absence of power of the abductor 
and c-xternal rotator muscles. In the latter cases, 
maldevclopment of the acetabulum due to dis- 
use follows. 

Roberts emphasizes the necessity of con- 
structing the shelf or buttress above the head 
of tile femur in such a manner that the new 
portion of the acetabulum is molded on top of 
the head and continues the arc of the circle 
which is present in the original acetabulum. 
(Ed. Note. — It is often necessarv' to revise the 
arc of an oblique acetabulum by reflecting the 
roof downward.] He describes the method of 
open reduction and of closing the capsule with 
.sutures so that the capsule overlaps the margin 
of the newly constructed shelf. He employs a 
bone strut to fix the iliac bone flap in firm con- 
tact with the head. 

177. Roberts, F. B. : Plastic Shelf Operation for 
Dislocations of the Hip, Ohio State M. J. 40:650-656 
(July) 1944. 


VII. TUBERCULOSIS OF BOXES ,\XD JOINTS 

rREP.\RED BV .\L.\X DE FOREST SMITH, M.D., AXP ST.\FF OF THE XEW YORK 
ORTHOP.VEDIC DISPEXS.\RY AXD HOSPIT.AL, XEW Y'ORK 


During 19-44 there were comparatively few 
articles on the subject of tuberculosis of bones 
and joints of sufficient interest to include in a 
review of progress. However, it is encouraging to 
note an increase in experimental studies toward 
developing inhibiting or bacteriostatic agents that 
may be effective against tuberculosis. The effect 
of a number of sulfonamide compounds, includ- 
ing Diasone and promin, has been studied by a 
number of investigators, both in the laboratorj- 
and on human patients. The results appear to 
justify the hope that some important result 
may be expected, although the subject still is in 
the experimental stage. 

In a study by Fetter and Prenzlau,^'® Diasone 
(disodium formaldehyde sulfoxylate diamino- 
diphenyl sulfone) was therapeutically admin- 
istered to 78 tuberculous patients for periods 
ranging from sixty to two hundred and seventj-- 
five days. Seventy-two of the patients had pul- 
monary lesions, 5 had lesions of bones and joints 
and 1 had genitourinarj^ lesions. The drug was 
given orally to all patients and applied locally' 
as well to empyema carities and abscesses about 
joints. The dose was usually 0.33 Gm. with 
meals (1 Gm. per day). Toleration was im- 
proved if the drug was started at 0.33 Gm. per 

17S. Fetter, C. K., and Prenzlau, W. S. : Observa- 
tion on Clinical .Application of Diasone in Human 
Tuberculosis (Eight Month Studv), Illinois M. J. 85: 
188-197 (April) 1944. 


day for three days, increased to 0.66 Gm. for the 
next three to five days and tlien raised to the 
standard dose of 1 Gm. per day. Enteric-coated 
capsules gave less gastric disturbance. Evidences 
of toxicity were headache, gastric upset, palpita- 
tion, malaise, occasional visual disturbances and 
“blue skin.’’ Also noted in some patients were 
an increase in temperature and an increase in 
cough and expectoration at the onset of treat- 
ment. None of these reactions were alarming in 
severity, none were unbearable and none irre- 
versible. In 3.7 per cent of the cases, the drug 
was stopped because the patients preferred not 
to experience the unpleasantness of reactions. 
Studies of tlie blood showed an average initial 
drop from 4.700,000 I'ed cells and 12.5 Gm. of 
hemoglobin to 2,700,000 red cells and 8.8 Gm. 
of hemoglobin in the third and fourth weeks and 
then a gradual rise to about 4,000,000 red cells 
and 10.3 to 11 Gm. of hemoglobin. Depression 
of the total leukocyte count did not occur, and 
neutropenia was not obsen’ed. Eridences of 
damage to the kidney's or liver were not observed 
clinically or by histologic study in 4 cases coming 
to autopsy after twelve to seventy-two days of 
full doses of the drug. With administration of 
1 Gm. of Diasone daily, blood levels were main- 
tained between 1.5 and 2 mg. per hundred cubic 
centimeters. In a small group of cases, the con- 
centration of “free” Diasone in the blood ranged 
from 1.7 to 2.5 mg., in the cerebrospinal fluid 
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from 1.5 to 2 mg., in the urine from 44 to 80 mg. 
and in the bronchial secretion from 0.5 to 1 mg. 
per hundred cubic centimeters. 

As the patients acquired a tolerance to the 
compound, general well-being improved and 
body weight remained at pretreatment level or 
increased. Cough and expectoration, in the pres- 
ence of more acute lesions, increased at first and 
then gradually subsided. Conversion of sputum 
from positive for tubercle bacilli to negative 
occurred in 62 per cent of the patients treated 
from sixt}' to one hundred and twenty days. As 
obsen'ed b)' roentgen ray examination, clearing 
of parench 3 TOal infiltration occurred in 75 per 
cent of patients, and there was also some 
increase in fibrosis. These changes for the most 
part began to take place at from thirtj' to sixty 
daj's. Closure of the cavity, or at least dis- 
appearance of cavity outlines, occurred in 37.5 
per cent of 40 patients. In 34 patients, the blood 
sedimentation rate dropped from an average 
initial value of 45 mm. per hour (Westergren) 
to 10 mm. per hour after twenty-four weeks of 
therap 3 '. Although most patients were bed pa- 
tients and rest was probabl 3 ' a factor, similar 
favorable changes occurred also in patients who 
were ambulant and in others who continued to 
work full time. Four per cent of the patients, in 
whom the tuberculosis was far advanced, died 
after treatment for si.xt 3 " da 3 -s or longer; 6 per 
cent of the patients were considered worse, and 
in 3 per cent there was no apparent change. 
Improvement was recorded in 100 per cent of 
the patients ulth minimal disease, 90 per cent of 
those with moderate^' advanced disease and 76 
per cent of those in far advanced stages. Im- 
provement was recorded as slight in 22 per cent, 
moderate in 35 per cent and pronounced in 30 
per cent. There were 5 patients with tubercu- 
losis of bones and joints. One, with tubercu- 
losis of a hip joint, was made worse, 2 were 
moderatel 3 ' improved and 2 were greatl 3 ' im- 
proved. The authors donclude that Diasone, 
though not ideal, is an advance toward the goal 
of chemotherapy for tuberculosis and that it 
produced favorable changes in the majorit 3 ’^ of 
their patients in shorter time and of greater 
degree than would reasonabl 3 ' be e.xpected on 
the regimen emplo 3 'ed without the compound. 

Feldman and Hinshaw found that in experi- 
mentall 3 ' induced tuberculosis in guinea pigs a 
daih" dose of 200 to 250 mg. of Promizole had 
a therapeutic efficacy comparable to a dail 3 ' dose 

179. Feldman, W. H. ; Hinshaw, H. C., and Mann, 
F. C. : Effects on Experimental Tuberculosis of 4,2'- 
DiaminophenyI-5'-ThiazolesuIfone (Promizole) : Prelim- 
inary Report. Proc. Staff Meet,, Mavo Clin. 19:25-33 
(Jan. 26) 1944. 


of 400 to 500 mg. of Promin (p.p'-diarninodi- 
phen 3 dsulfone-N,i\''-didextrose sulfonate) and 
exerted a favorable influence even though treat- 
ment was not started until six weeks, ten weeks 
or fourteen weeks after animals had been in- 
oculated with tubercle bacilli. 

Feldman and Hinshaw report experimems 
which indicate that 4,4 -diaminodiphenvlsulfone 
is an effective agent in inhibiting or combating 
experimental tuberculosis in guinea pigs. Con- 
tinuous prolonged administration 3 -ields cumula- 
tive benefits not attained in short term experi- 
ments. In the long term experiment, extending 
to two hundred and twentx’-eight da 3 -s, 71.4 per 
cent of the imtreated animals died, while in the 
treated group onl)’ 28.6 per cent died. Histo- 
logic studies showed that the animals which 
had received the drug either were without 
demonstrable lesions or had residual foci in 
which the process was arrested, calcified or 
healed. Although producing some anemia, the 
drug was not e.xcessivel 3 ' toxic for guinea pigs 
in the dose used. Efforts to modif)' 4,4'-<h- 
aminodipbenylsulfone to obtain a compound 
more suitable for clinical application should be 
encouraged, since the possibilities seem man)'. 

Armstrong, Raie, Lucas and Greey^“ ob- 
seiwed that Promin, used under the strictly 
defined experimental conditions of Feldman, 
Hinshaw and Closes, influenced favorabl)' the 
course of experimental tuberculosis in guinea 
pigs. If, instead of the standard oral dose oi 
300 mg. per da)' for nine and ten months, 4W 
or 500 mg. per da)' w'as given fpr three to si.x 
weeks to animals which were perhaps more 
heavily infected, no therapeutic effect was noted. 

According to Feldman, Hinshaw and Hann, 
promizole (4.2'-diaminophenyl-5'-thiazoI)'lsul- 
fone) exerted a deterrent effect on previously 
established e.xperimental tuberculosis in guinea 
pigs that was only slightly inferior to t lat o 
Promin. It produced moderate blood d)'scrasia 
and goiter, but these effects were reversible. Ihe 
low toxicity of Promizole for human beings and 

the tuberculochemotherapeutic properties of the 

drug in experimentally infected guinea pig- 
appiear to justify its clinical trial. 


JSO. Feldman, W. H.; Hinshaw, H. C.. and Moie', 
d. E.: Effects on_E.xperimental ^^culosis oi 4. 
)iaminodiphenyIsuIfone, -A.ra. J. M- Sc, 

March) 1944. ^ 

181. Armstrong. A. R.; Raw. ^1- Luca?, C. ^ 
nd Grcey, P. H.: Effect of Promin Expenm-^--' 
“uberculosis. Am. Kev. Tuberc- 50:1^0-16^ (/ ?-• 
944, 

ISZ FeMman, W. H.; Hinshav.-, H. C.* and Mann. 

C: Promizole in Tubermlosi? : Effect ou_4r_^ 
iously Established Tuberculosis of Guinea Pi?s oi 
)ianunophcJi3'l-5'-TbiazolysuIfone ('Promizole), 

lO*. Xuberc* 50r4IS-440 (Xov,) 194-i* 
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Frcedlaiider.'''' in a brief review, stales liiat 
he has tested some ninety derivatives of benzo- 
pbenone for their tubercnlostatic effect in vitro. 
Benz.opbenone is low in toxicity and shows 
moderately high bacteriostatic action. Tlie fol- 
lowing derivatives increased tlic bacteriostatic 
action : -4-cbloro ; 2-cbloro : 2.4’ dicbloro ; 2-iodo ; 
4-mctbyl ; 4-metboxy : 4-ctbo.xy. and tbiobenzo- 
pbenone. It was not possible to find a definite 
chemical pattern in the relationship Iietween 
chemical structure and tuberculostatic action, 
but an optimal lipid-water solubility ratio was 
discernible. 

Fetter published a note to bridge the gap 
between ‘‘news stories" and the ap]iearance of 
proposed reports in medical literature. Diasone 
has l>een used in treatment of 139 patients. It is 
still an experimental therapeutic agent. Much 
more must be learned about dosage, toxic reac- 
tion. change which takes place in the tuberculous 
lesions and manv other ramifications of such a 
problem. One cannot be too emphatic at this 
time in stating that this compound is not ready 
for even limited distribution until a great amount 
of investigational work is completed. 

Buu-Hoi and Ratsimamanga reported that 
dihydrochaulmugryl cinuamate in ethyl dihydro- 
chaulmugrate administered to tuberculous guinea 
pigs resulted during the seventy-eight day period 
of the e.xperinient in slower development of 
tuberculosis, a lowered mortality (30 per cent, 
as compared with 83 per cent in controls) and’ 
anatomically more discrete lesions as compared 
with those of control animals. In tuberculous 
guinea pigs on a diet low in ascorbic acid, the 
evolution of tuberculosis is more rapid than that 
in animals on a diet high in ascorbic acid. 

Feldman and Closes reported experiments 
in which diphtheria toxoid failed to exert any 
significant deterrent effect on tuberculosis ex- 
perimentally induced in guinea pigs and rabbits. 

Callomon and Groskin.^*' using promin, di- 
sodium formaldehyde sulfoxalate diaminodi- 
phenylsulfone (compound 2398) and 4(o-pyridil- 

183. Freedlander, B. L. : Experiments in the Chemo- 
therapy of Tuberculo-is, California & West. Med. 61: 
85 (.A.ug.) 1944. 

184. Fetter, C. K. : Diasone in Tuberculosis, J. h. 
M. A. 124:385 (Feb. 5) 1944. 

185. Buu-Hoi and Ratsimamanga, A. R. : Etliyl 
Dehydrochaulmoograte Combined with Cinnamic Acid 
Deri\-atives in Experimental Tuberculosis. Compt. rend. 
Soc. de biol. 136:772-774, 1942. 

186. Feldman, W. H., and Moses, H. E. : Effect of 
Diphtheria Toxoid on Experimental Tuberculosis. 
Internat. J. Leprosy 11:36-42 (Dec.) 1943. 

187. Callomon, F. F. T., and Groskin, L. : Thera- 
lleutic Effect of Some Rew Derivatives of di-.-Vmino- 
di-Phenylsulfone in Experimental Tuberculosis of 
Guinea Pigs, Tuberculologj- 7:21-25 (Feb.) 1944. 


N-suIfonamide) phenyl 2-azo-S-amino-l-naphthol 
5,7-disulfonic acid (compound 2816), produced 
evident inhibition of the development of e.xperi- 
mcntal tuberculosis in guinea pigs observed over 
a period of six weeks. Sulfanilamide, sulfa- 
pyridine. sulfathiazole and sulfathiazoline showed 
no appreciable effect under the same conditions 
of experimentation. Judged from mortality and 
hi.stologic change, Promin produced the most 
beneficial results. 

Penicillin, penatin and e.xtracts of Raulin- 
'I'hom culture mediums of Penicillium notatum 
and Penicillium cyclopium were e.xamined by 
Smith and Emmart for their bacteriostatic 
action against tubercle bacillus in vitro, tor their 
inhibiting action of tubercle formation on chorio- 
allantoic membrane of the chick embrxo and for 
their chemotherapeutic effectiveness against ex- 
perimental guinea pig tuberculosis. Extracts of 
the culture medium of P. notatum gave good but 
variable inhibition of growth of tubercle bacilli 
in glycerin bouillon. All the preparations tested 
appeared to have some activity in reducing the 
extent of tubercle fonuation on the chorio- 
allantoic membranes but did not decrease the 
incidence of infection. Penicillin exhibited no 
effect on experimental tuberculosis in the guinea 
pig; a slightly favorable effect was obtained with 
extracts of the culture mediums of P. notatum. 
At Ijest, the chemotherapeutic activity of these 
preparations was slight compared with some of 
the sulfones previously investigated by the 
authors. 

Schwartz studied 4 rabbits given sub- 
arachnoid-suboccipital injections of tubercle 
bacilli. Meningitis, meningomyelitis. radiculitis, 
ganglionitis and tuberculoma develop)ed. Follow- 
ing a review of the literature on experimental 
spinal tuberculosis, the autlior stresses the fact 
that in man the least, frequent localization of 
tuberculoma is in the spinal cord. For the devel- 
opment of tuberailoma, not only the duration of 
the infection but probably the type and the dose 
of bacilli play a part. In most of the rabbits, 
paresis, paralysis and muscular atrophy devel- 
oped. This is explained by the greater infiltra- 
tion at. the level of the cauda equina, which 
regulates motor sensibility and trophism of the 
hindlegs. This localization also favors limita- 
tion of the infection. 

Hinshaw. Feldman and Pfuetze studied 
evidence based on the administration of pro- 

188. Smith. M. I., and Emmart E. W. : Action of 
Penicillium Extracts in Experimental Tuberculosis. 
Pub. Health Rep. 59:417-423 (March 31) 1944. 

189. Schwartz, L. : Experimental Tuberculosis, Dia 
nied. 16:204-206 (March) 1944. 


(Footnotes cor.iinitcd or. next pcr;e) 
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mizole to 56 patients -which indicated that this 
drug is unique among numerous compounds of 
this class studied in being easily administered, 
well absorbed and of extremel}'- low toxicity for 
human beings. Evaluation of clinical results 
was not possible at this early period of the studj’. 

Steenken, Heise and Wolinsk}’ state that 
promin when fed by mouth exerts a definite 
retarding effect on experimental tuberculosis in 
guinea pigs and that vaccination with attenuated 
living tubercle bacilli combined with treatment 
with Promin induces a greater inhibition on the 
progress of the disease than treatment with 
Promin in the unvaccinated animals. 

Auerbach and Stemmerman present a study 
of 132 patients with pathologically proved tuber- 
culosis of the spine, of whom 100 had roentgen 
ray examination within six months prior to 
death. The area involved was one vertebra in 
6 cases (4 per cent), two vertebrae in 39 (30 per 
cent), three vertebrae in 24 (18 per cent) and 
multiple lesions in 63 (48 per cent). The area 
of spine involved was typically the dorsal portion, 
the lumbar portion, the sacrum and the lower 
and upper cervical portions, in that order. The 
disease develops in the vertebral body, and the 
intervertebral disk is involved by extrusion. 
Two types of pathologic lesion are described: 

I. The productive type (sclerotic) shows bone 
of a yellow color which is firm and maintains its 
morphologic integrity; the disk remains intact, 
and the marrow spaces are filled with tubercu- 
lous granulation tissue which erodes but does not 
destroy trabeculae. 2. The exudative (caseous, 
destructive) type shows yellow bone with areas 
of liquefaction which may contain sequestrums; 
the bon}' architecture is completely destroyed by 
areas of caseation with extrusion to the disk, 
compression of the body and gibbus formation. 
Sixty-three per cent of destructive lesions were 
correctly diagnosed roentgenologically. Of 30 
cases of productive lesions, none were diagnosed 
correctly. 

After a comparison of postmortem roentgen- 
ograms with antemortem roentgenograms, it was 
felt that in some cases with a definite history of 
a primar}’ focus diagnosis might be made by an 

190. Hinshaw, H. C.; Feldman, W. H., and Piuetze, 
K. H. ; Clinical Administration of 4,2'-Diaminophenyl- 
5'-ThiazoIesulfone (Promizole) In Tuberculosis: Pre- 
liminaiT Report, Proc. Staff Meet., Mayo Clin. 19 : 
33-36 flan. 26) 1944. 

191. Steenken, W., Jr.; Heise, F. H., and Wolinsky, 
E. : Treatment of Experimental Tuberculosis in Vac- 
cinated and \'on-\''accinated Guinea Pigs with Promin, 
Am. Rev. Tubcrc. 48:433-460 (Dec.) 1943. 

192. .Auerbach, O., and Stemmerman, M. G. : Roent- 
gen Interpretation of Pathology in Pott’s Disease, Am. 

J. Roentgenol. 52:57-63 fjuly) 1944. 


apparent sclerosis shown by roentgenogram. 
This sclerosis is thought to be caused by the 
productive changes seen in pathologic examina- 
tion. 

A case of a large cold abscess dissecting along 
the psoas, of ten months’ duration, is discussed. 
The diagnosis of abscess was easily made. 
Roentgenograms consistent!}’ showed nothing 
abnormal, yet at autopsy nearly every vertebra 
was diseased, some partially but the majority 
completely. 

When other roentgenologic evidence of verte- 
bral tuberculosis is present, the possibilit}' of the 
productive (sclerotic) type of disease should be 
considered. It is suggested that serial roentgen- 
ograms might be helpful in demonstrating 
changes in osseous density as the productive 
lesion progresses. Even when destructive lesions 
are typically present, the rest of the spine should 
be carefully scrutinized for evidence of possible 
productive disease. Evidence of "cold abscess 
only is sufficient reason for careful roentgeno- 
logic studies of the spine for tuberculosis, 
although all other signs may be absent. 

[Ed. Note. — This study supplements an ear- 
lier one by Cleveland and Bosworth. in which 
the frequent occurrence of areas of necrotic 
sclerotic bone in tuberculosis of tlie spine was 
pointed out. These authors ascribed such lesions 
to ischemia caused by stripping of the periosteum 
by the abscess.] 

Gil! presents the thesis that the pronounced 
shortening of the entire lower extremity some- 
times seen in cases of tuberculosis of the ^'P '■ 
due not to disease but to premature closure of the 
epiphysial cartilages of the femur or tibia or oi 
both. He presents the histories of lo rases_ oi 
tuberculosis of the hip in which this comphration 
occurred. In every case the onset of the disease 
was before the seventh year of age. e amage 
to the cartilaginous plate occurred not 
disease process but from pronounce J".’, * 
tion of the bones and alteration m the cartilage, 
making it more susceptible to trauma. In 3 case, 
there was a diaphysial fracture causing closure 
of the epiphvsial plates of both femur and tibia. 

In order to prevent the occurrence 
plication, the avoidance of long perio s o i 
mobilization in plaster is advised v ^ 
possible. It is suggested that the femur and f - 
tibia be measured ever}’ si.x months in c ii ■ 
with tuberculosis of the joints. Ii d is ou 
that one of the epiphysial cartilages as c o. . 
prematurely, an estimate of the final resu m 

193. Gill, G. G.: The Cause of Discrepancy; 
of the Limbs Following Tuberculi^is fAn'iD 

Children, J. Bone Ec loint Surg. 20:272-281 fAp.m 
1944. 
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length of the extremity should be made and an 
epiphysial arrest should be done in the opposite 
extremity at the appropriate time. 

Mordasini discusses the planogram as a val- 
uable addition to the conventional roentgenograms 
in the diagnosis of tuberculosis in bone. A 
positive diagnosis can be made earlier. This 
technic is more useful in the frontal than in the 
lateral planes in tuberculosis of the spine. Case 
rcixirts show that the early spinal lesion is not 
in the anterior part of the vertebra but that it 
starts in the central or the posterior portion of 
the body of the vertebra. Narrowing of the 
intervertebral spaces appears later. 

[Ed. Note. — The laminagraph has been 
proved to he of value in the detection of areas of 
tuberculosis of the vertebrae at the New York 
Orthopaedic Dispensary and Hospital.] 

Meng'and Wu reviewed 70 cases of tuber- 
culosis of flat bones of the vault. 40 of which had 
sufficient data for a definite diagnosis. Of the 
40 cases. 20 were proved histologically and 5 by 
guinea pig inoculation or culture; 15 had suffi- 
cient clinical signs to justify the diagnosis. 
Eighty per cent of the patients were under 20 
years of age. There were 23 men and 17 women. 
Trauma was not important or essential but may 
have been contributor}.-. Eighty-five per cent 
had associated tuberculous lesions, and 30 per 
cent had pulmonar)- tuberculosis. Most lesions 
were, therefore, secondan- hematogenous lesions 
starting in the diploe, and the tables were in- 
volved by extrusion. Two types of lesion are 
recognized : (a) the circumscribed (perforating) 
type of Volkmann (38 cases) and (i>) the diffuse 
(infiltrating) type of Koenig (2 cases). There 
was a single lesion of the skull in 23 cases and 
multiple lesions in 17 cases. ^lost frequently 
involved were the frontal and the parietal bones 
because they contain a greater amount of cancel- 
lous bone. The onset was insidious, with onl}- 
swelling evident. Pulsation of the mass indicates 
perforation of both tables. Differential diagnosis 
includes lipoma, sebaceous cyst, syphilis and 

194. Mordasini, E. : Beitrag zur Tomographic der 
Knochen und Gelenke iinter besonderer Berucksichti- 
gung der Knochen und Gelenktuberkulose, Schweiz, 
med. ^Ychnschr. 74:123 (Feb. 5) 1944. 

195. Meng, C. M., and Wu, Y. K.: Tuberculosis of 
the Flat Bones of the Vault: Fortj- Cases, Chinese 

.1. 61:155-171 (-A.pril-June) 1943. 


tumor. Results of roentgenologic e.xamination 
are not typical and show only a round or oval 
single or a multiple punched-out defect. .Aspira- 
tion is helpful. Treatment should be complete 
excision without drainage in the absence of a 
sinus, and the dura should be let alone. Hicrh 

o 

voltage roentgen rays are sometimes of benefit. 

Some of the causes of painful shoulder with 
radiation of the pain into the arm are discussed 
by Cohn.''”^ No attempt is made to classify all 
the conditions which cause painful shoulder, but 
the diseases mentioned, with illustrative cases, 
are as follows: hypertrophic arthritis of the 
cervical portion of the spine, carcinoma metas- 
tasis to the cer\-ical portion of the spine, 
herniated cervical intervertebral disk and tuber- 
culosis of the cer\-ical portion of the spine. The 
author also directs attention to these conditions 
which may be responsible for pain in the 
shoulder, i. e., cervical rib, the various neuritides 
and local lesions of the shoulder region, includ- 
ing arthritis, periarthritis, bursitis and tears of 
the supraspinatus tendon. A careful and de- 
tailed physical and roentgenographic examina- 
tion is stressed as a necessary means of securing 
an accurate diagnosis. 

The author observes that referred pain in 
tuberculosis of bones and joints is a common 
symptom, and any complaint referable to the 
shoulder, especially in the absence of definite 
physical abnormalities, should make one suspi- 
cious of a lesion of the cervical portion of the 
spine. Roentgenographic studies of the cerr-ical 
portion of the spine should always be made in 
cases in which pain in the shoulder is the symp- 
tom, especially when local signs are absent, 
because not infrequently advanced changes will 
be noted on the roentgenogram even when the 
patient does not complain of S 3 -mptoms referable 
to the neck. The author believes that the modus 
operandi of the referred pain in many cases of 
tuberculosis of the cervical p>ortion of the spine 
is due to compression of the nerve roots b}- 
tuberculous granulation tissue. The referred 
pain, as a rule, promptly responds to immobiliza- 
tion of the cer\-ical portion of the spine in a 
plaster cast. 

196. Cohn, B. N. E. : Painful Shoulder Due to 
Lesions of Cervical Spine, .'\m. J. Surg. 66:269-274 
(Nov.) 1944. 


VIII. CHROXIC -ARTHRITIS 
PREPARED BY JOHN G. KUHXS, M.D., BOSTON 

The appearance of arthritis and rheumatic services for their treatment. The newer anti- 
fever in the armed forces has spurred further biotic substances have been carefully studied in 
investigation and the development of special attempts to prevent or relieve these diseases. 
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ilost of the papers appearing during the year 
are concerned rvith some special S3'mptom or 
special type of treatment. In a general paper, 
^A^right describes the importance of arthritis 
as a disabling disease. He states that it is ten 
times as common as tuberculosis or diabetes and 
seven times as common as cancer. In England 
chronic arthritis causes one sixth of the industrial 
disability and accounts for one tenth of the 
money for pensionable invalidit)-. He advocates 
the establishment of special clinics with trained 
personnel and proper facilities for ph3-sical ther- 
ap3'. He compares the problem to public health 
with that of tuberculosis. 

A number of papers discuss possible etiologic 
factors. The problem of allerg}' in relation to 
sensitivit3’ to food in the development of arthritis 
as it appeared in 10 personaIl3’ observed cases is 
discussed b3' Turnbull. In the patients the 
arthritic S3'mptoms disappeared when the foods 
to which tlie3' were sensitive were eliminated. 
To determine the sensitivit3', repeated tests are 
necessary. Setye and his co-workers believe 
that the adrenal cortex can play an important 
role in the pathogenesis of rheumatic and rheu- 
matoid conditions in man. In laboratory animals, 
administration of desox3'corticosterone acetate in 
large doses caused nephrosclerosis, Aschoff 
bodies in the heart and periarteritis nodosa. 
Arthritis was found in a few animals. Arthritis 
was found with much greater frequenc3' if th3’- 
roidectomy had been performed on the animals 
or if the adrenal glands had been removed, 
especialh' if the animals had been kept in cold 
surroundings. In such instances, arthritis was 
found in fourteen da3's. This arthritis resembled 
that found in rheumatic fever. Gauss calls 
attention to the frequent!}- observed relationship 
between disturbances in the biliary system and 
rheumatoid arthritis. Correction of disturbances 
in the biliary s)-stem often leads to relief of the 
arthritis. The author considers two possibilities. 
The gallbladder ma}- be a focus of infection, or 
biliar}- disturbances ma}- lead to metabolic faults. 
Jaundice often relieves arthritis temporarih-. The 
relationship is obscure. 

[Ed. Xote. — In the development of the 
so-called prodromas of arthritis, a great number 

197. tWichf, H. P. : The Challenge of .Arthritis, 
Canad. if. A. J. 51:264-265 fSept.) 1944. 

19S. Turnbull, J. A. : Changes in Sensitivity to .Al- 
lergic Foods in .Arthritis, .Am. J. Digest. Di.s. 11:182- 
190 (June) 1944. 

199. .Selye. H. ; Sylvester. O. : Hall. C. E.. .and Lc- 
Mond, C. P. ; Hormonal Production of Arthritis. J. .A. 
5r. A. 124:201-207 CJan. 22) 1944. 

200. Gauss. H, • Review of Role of the Biliary Sys- 
tem in .Arthritis, .Am. ]. Digest. Dis. 11:271-276 (Sept.) 
1944. 


of things have been suspected. Probably am- 
prolonged ph3-siologic disturbance can be a pre- 
cursor of s3-mptoms of arthritis, but whether 
rheumatoid arthritis is initiated b}- an infection, 
as I understand the term, is still uncertain.] ■ 
L3'ford and colleagues have obsen-ed 3 
cases of poh-articular arthritis as a complication 
of granuloma inguinale. In 1 patient, there 
were ulceration in man}- of the joints and 
necrosis of bone. In another, tliere was involve- 
ment of two vertebrae and a hip joint. The tliird 
patient had lesions in the bones of the hand and 
forearm, but there were no joints involved. --MI 
the patients had fever and persistent anemia, but 
there were no sequestrums and no pus. Dono^-an 
bodies were found in articular tissues. Ropes 
states that atypical, asymmetric or monarticular 
artliritis was frequently seen in the earh- stages 
of rheumatoid arthritis. For such patients, diag- 
nosis was difficult. For patients presenting 
ah-pical symptoms, adequate treatment with pro- 
longed rest in bed could hasten remission and 
might prevent progression. Hench and Fo.k 
and Gilbert studied the articular complications 
seen in 266 patients with epidemic cerebrospinal 
(meningococcic) meningitis. Three types ^ oi 
arthritis were seen; (1) symmetric polyarthritis 
of short duration and not severe seen in the first 


ew days of the disease; in such cases there 
night be periarticular and intra-articular hemor- 
hage; (2) an articular effusion of vai}-ing 
legree coming on after the fifth day ; in this 
}’pe, infection seemed to be present and articular 
lamage might follow, and (3) arthropathies 
ssociated with serum sickness; therp was a 
erous effusion into the joint, of short duration 
nd with a favorable prognosis. .Arthritis was 
bsen-ed in 10 patients; in 4 of 21 o patients 
bsen-ed in the ten years tefore chcmothcrapy 
vas used and in 6 of 51 patients observe in 
ivo years since sulfonamide compounds were 
sed. The lessened mortality, the author. 
elieve, had permitted the greater 
omplications. Hench and Rosenberg e. c 
tvpe of disease of joints which t ler ca pa 
romic rheumatism. There are repeated aUacE 




201. Lv-ford, J.. HI.: Scott. f 

-.; Polyarticular Arthritis aiKl O^teomveht _ 
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202. Ropes, .M. Rhcum.ntoid Arthritis. . P 

arms. Bull. Xew Enpbnd H. Center ( April » 

M4. . . Tr, 
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iainagc. Tliirly-t'our cashes are reported. 6 in 
ictaii. 1 iie patients had imiltijile inllaniination, 
vith suhsidence of all symptoms between attacks. 
The cause was unknown. Usutilly tlie exaiti- 
'uatiou of tite blood ijave normal results, and the 
'rytbrocyte sedimentation rate was normal. 
Attacks provoked only transient slittbt elevations 
■11 the sedimentation rate. Pathologic examina- 
ion of joints showed an increase in polymorpiu)- 
uuclear leukocytes in the synovial mcmhratic. 
There might be a fihroiutrulent exudate. 
Between attacks, tissues of the joints revealed 
no siguiticaut evidence of inllammatinn. Treat- 
ment for the most part was symittomatic. iisiially 
heat and analgesics during attacks. Of 27 pa- 
tients followed. 15 per cent were well. 44 per 
cent had improved and 26 per cent were in the 
same condition. Three patients were worse, and 
1 had died. Xot a single joint in these patients 
had been crippled. 

[Ed. Note. — The diagnosis of palindromic 
rheumatism should he made with great caution. 
Rheumatoid arthritis often develops slowly. 
I have recently seen 3 patients who had been 
studied in a large medical clinic and whose dis- 
ease had been diagnosed as palindromic rheu- 
niatisni. These patients later showed pronounced 
deformities and articular damage.] 

Research projects have considered various 
phases of etiolog}-. pathologr- and treatment of 
chronic arthritis. Wainc and his associates 
attempted to determine whether any toxic or 
infectious substance was excreted in the urine 
by patients suffering from rheumatoid arthritis. 
Trine from patients with active rheumatoid 
arthritis was passed through a filter, and 1 cc. 
was injected subcutaneously into the abdomens 
of 3 rats four times a week. Some of the urine 
'vas extracted with 70 per cent alcohol after 
absorption with kaolin. The extract was 
evaporated under a vacuum. The residuum 
was taken up in sterile isotonic solution of 
sodium chloride to make 5 cc. and adjusted to 
Pn 7.4. One cubic centimeter was injected into 
each of 3 rats. Urine was also extracted with 
chloroform and evaporated under a vacuum. 
This was taken up in sesame oil and injected 
into 3 rats. The animals were killed in four 
months. No significant lesions were found. 
Rosenberg and co-workers report the causes 

^Aaine, H. ; Bauer, TV., and Bennett, G. A.: 
Effect of Subcutaneous Injection of Urine and Urinary 
"tracts from Patients with Rheumatoid Artliritis into 
■Rats, .T. Lab. & Clin. Med. 29:19-20 (Jan.) IW. 

206. Rosenberg. E. F. ; Baggenstoss. .A. H., and 
Hench, P. : Causes of Death in Thirte Cases of 
Rheumatoid Arthritis, Ann. Int. Med. 20:903-919 
(Tune) 19M.* 


of death of 30 patients suffering from rheu- 
matoid arthritis. They found pulmonary disease 
the most common, causing death of 11 patients 
in this series. Cardiac disease was the cause for 
y jiaticnts; 7 of these jiaticnts had rheumatic 
heart disease. Renal disease was the cause of 
death of 3 patients, intestinal disease of 2, and 
miscellaneous causes of 5 — cinchophen hepatitis, 
accidental death, carcinoma of the prostate, 
sudden unexplained death and cause unknown. 
The authors feel that there may be a relationship 
hetween unrecognized early rheumatic fever and 
the large numher of deaths from cardiac disease. 
In only 10 of the patients was death in any way 
a result of the arthritis. Bayles and Riddell 
studied the lijiemia in three groups of patients 
with rheumatoid arthritis — 10 patients receiving 
the usual nonspecific therapy. 11 receiving gold 
salt therapy and 4 whose arthritis was com- 
plicated by pregnancy. They found the total 
lipid, total cholesterol and phosphatide levels of 
the plasma and the lipid ratio normal in persons 
with active rheumatoid arthritis. Practically no 
change was noticed in the patients receiving gold 
salts. The lipemia of pregnant arthritic patients 
was similar to that of normal pregnant women. 
The amelioration observed on arthritis by preg- 
nancy was not dependent on a correction of a 
lipid deficiency or on a shift in lipid ratios. 

To determine the to.xicity of gold salts. Frey- 
berg and his associates injected equivalent 
amounts of gold into rats, using compounds 
varring widely in their chemical and physical 
properties. They found that large doses of 
soluble gold salts (much larger than therapeutic 
doses) cause severe damage to renal tubules 
and glomeruli. The severin' of the pathologic 
changes was in direct proportion to the amount 
of gold injected. No other organs showed 
important pathologic clianges. Suspensions of 
gold in oil produced lesions in proportion to the 
solubility' of the gold. Colloidal gold caused 
little renal damage, but reticuloendothelial cells 
packed with gold were observ'ed in the liver and 
spleen after its injection. The dosage of gold 
could not be controlled by stud}' of the plasma 
concentration of gold. In gold dermatitis, 
biopsies of the skin showed about the same 
amount of gold in the skin as was found in the 
skin of patients receiving gold who had no 

207. Bayles, T. B., and Riddell. C. B. : Plasma Lipids 
in Arthritis Patients Receiving Gold Salt Therapy and 
During Pregnanev, Am. J. M. Sc. 208:343-350 (Sept.) 
1944. 

20S. Freyberg. R. H. : Block, \V. D., and Preston, 

W. S. : Gold Toxicity in Relation to Gold Salt Ther- 
apy for Rheumatoid .■\rthritis. J. A. M. A. 124:800 
(March) 1944. 
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dermatitis. Toxicity in most instances seemed 
to be an allergic reaction. . The major factor in 
regard to toxicity was the speed of administra- 
tion of the gold. 

Turnbull studied the toxicit}* and efficacy 
of massive doses of vitamin D in 30 patients 
with resistant chronic arthritis. The Steinbock 
process (ultraviolet-irradiated vitamin) vitamin 
D was used instead of electrical!}' activated 
ergosterol (Whittier process). Toxic symptoms 
developed in susceptible patients and persisted 
as long as three weeks after the medication was 
stopped. In 80 per cent of the patients, toxic 
symptoms developed ; 77 per cent were not 
improved in their arthritis. The author feels 
that electrically activated ergosterol is safer and 
more effective than other types of vitamin D 
given in large doses. 

Davies studied the synovial fluid in the 
joints of cattle bet^veen the ages of 1 and 4 years, 
just after they were slaughtered. He found the 
volume of indiHdual joints roughly proportional 
to the size. Determinations of the viscosity of 
synovial fluid from hip and hock joints were 
made. The lowest value was 3.3 and the highest 
575 centipoises. Values of over 150 centipoises 
were unusual. Forelimbs tended to have a higher 
viscosity than hindlimbs. Variations in Hscosity 
were not due to variation in mucin content. 
The average total nitrogen content was 162 mg. 
per hundred cubic centimeters. Obsen'ations 
supported the view that S}'noHal fluid is, at least 
in part, a dialysate from the blood with the 
addition of mucin, possibly from connective 
tissue. 

In a study of the innerv'ation of articular 
tissues Fre)’'berg found by staining with osmic 
acid three types of nen'e endings: (1) free 
nen'e endings, which may be on the surface of 
S)-novial cells; (2) an oval laminated end organ, 
usually deeper in the fibrous portion of the 
capsule, and (3) a fine netivork surroimding 
arterioles. No nerves were found in articular 
cartilage or in compact bone. All other articular 
structures were abundantly innen^ated. Pain 
fibers were distinct from those for touch and 
pressure. In patients there was a tremendous 
variation in the description of pain, although 
there was only a slight variation in the individual 
threshold for pain. 

209. TumbuII, J. .A.: Sfudj- of One Hundred and 
TwenW-Scven Ca.'cs of .Arthritis, Am. J. Digest. Dis. 
11:122'-130 (April) 194A 

210. DaWes, D. V.: Volume, Viscosity and Xitrogen 
Content of Sj-noHal Fluid, J. Anat. 78:05-78 (.April) 
1944. 

211. Frej'berg, R. H.: Symposium on .A.nalysis and 
Interpretation of Svmptoms; Joint Pain. Clinics 2; 
15S6-1619 (April) 1944. 


Sprague and DIcGinn'-^" found tliat rheuanti: 
fever and acute arthritis accounted for 0.38 per 
cent of the casualties and that rheumatic ferer 
alone accounted for approximately 0.17 per cert, 
and combined with arthrib’s 0.33 per cent, of C\ 
causes for evacuation of men from the Sotiri 
Pacific area. Fatigue, exposure and infectioa 
of tlie upper respiratory tract were the actirating 
mechanisms in bringing on an attack. Thev 
found that rheumatic fever existed among the 
natives of the tropics. 


S. A. Goldberg studied surgical and autopsr 
material to determine the earliest changes which 
appeared in chronic arthritis. The first changes 
in rheumatoid arthritis were in the sjuDric! 
membrane and periarticular tissues, followed ty 
changes in the articular cartilage and bone. The 
earliest changes were rarely seen in human 
beings but could be obsen'ed in laboraroty ani- 
mals. The characteristic changes in degenera- 
tive arthritis were in tlie articular cartilage- 
There w'as first a thickening and sofrening of 
the cartilage cells. This was followed by frajing 


md degeneration. 

In a general paper Bach discusses the med- 
ical treatment of rheumatic disease. In even 
lase, social and economic factors played an im- 
portant part in the development. Bach s phn 
of treatment consisted in four to six weeks ot 
hospitalization in an attempt to arrest the disease 
and prevent crippling. Rest and relaxation w ere 
the first part of the treatment Exerdses in bed 
were given to induce relaxation, to iniproie 
thoracic capacity and to improve body medianics. 
Casts w-ere used to correct deformity. Genera 
irradiation and iontophoresis of the a ecte 
joints were carried out Drugs, u^ualK 
salicj'Iic acid, were used to relieie pain an 
correct any physiologic disturbance. Gold saU^ 
were given if the sedimentation rate wm. i,, . 
to.xic manifestations were avoided. A die: which 
tvas adequate in protein and 
bulk}- was given, usually about 2.0(X) _calorlc^. 
As the patient improved, class e.xercue- am 
remedial occupational therap} ^ were fd'C 
Usually there was a long period of conva.esccnc 
natTPnf: returned tO WO. k. 


212. Sprague, H. B.. and JIcGiun. 

Fever and Acute Arthritis as 
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[Ed. Note. — This is a ^ve!l considered pro- 
gram for treatment in early rheumatic disease. 
Treatment cannot be standardized because of the 
multiplicitj' of possible causes and complicating 
factors, but a general outline such as this is 
helpful. Unfortunately, physicians norv get 
patients late in tlieir disease, when a long period 
of medical and surgical rehabilitation is required. 
It rUll probably require a long period of lay and 
professional education before this program can be 
applied effectively.] 

In therapeutic attempts against chronic arthri- 
tis, the newer antibiotic substances have been 
used, with indifferent success. Boland and his 
collaborators report on the use of penicillin 
in the treatment of active rheumatoid arthritis in 
an army hospital. In rheumatoid artliritis hemo- 
h-tic streptococci have always been under 
suspicion. The blood usually contains antibodies 
against streptococci, usually agglutinins, in high 
titer. The skin is usuallj’ hypersensitive to 
extracts of hemol3-tic streptococci. Ten men 
were treated for whom tire diagnosis of rheuma- 
toid arthritis was definite and in whom the 
damage was not so severe that irreversible 
changes in the articular tissues had taken place. 
These patients were given 1,200,000 to 3,200,000 
Oxford units daily. The penicillin was given 
ever)' three hours for from fourteen to twenty 
days. There were no untoward reactions, and 
the changes obseiwed were slight. In 8 patients 
there were no subjective or objective changes. 
One patient felt worse. In 1, slight subjective 
improvement was found. In 1, there was 
moderate subjective and objective improvement. 
Results of laborator)' tests, including leukoc)-te 
count, sedimentation rate and cultures and 
smears for bacteria in the synorial fluid remained 
unchanged. The appetite improved in 6 of the 
10 patients. The authors felt that penicillin was 
not of value in the treatment of rheumatoid 
arthritis. 

Powell and Rice used penicillin in treat- 
ment of rats which had arthritis caused by a 
pleuropneumonia-like organism. Treatment trith 
penicillin was ineffective. Gold sodium thio- 
malate (Myocr)-sine) was effective in controlling 
the artliritis but was extremely toxic to the 
laborator)- animals. 

215. Boland, E. W.; Headley. N. E.. and Hench, 
P- S.: Treatment of Rlieumatoid .Arthritis w-ith Peni- 
cillin, J. A. yr. A. 126:820-823 (Nov. 25) 1944. 

216. Powell, H. M., and Rice, R. H. : Ineffective 
Penicillin Chemotherapy of Arthritic Rats Infected with 
Pleuropneumonia-Like Organisms, J. Lab. & Clin. ifed. 
29:372-374 (.April) 1944. 


Rawls -*• used small doses of gold thioglucose 
(Solgonal B oleosum), which contained 50 per 
cent gold, for 100 patients. Five milligrams was 
given twice a week for three weeks, 10 rag. twice 
a week for the next three weeks and then 25 mg. 
once a week. In 42 per cent of the patients toxic 
s)Tnptoms developed. Half of these occurred 
before 100 mg. of gold had been given. The 
patients quickly recovered from toxic symptoms 
in such small doses. The severity and duration 
of toxic symptoms depended on the dosage. 
There were no fatalities. In 53 per cent of the 
patients there was pronounced improvement, 
with almost complete remission of symptoms. 
Twenty-one per cent were definitely improved; 
12 per cent were slightly improved. 

Kennedy used subcutaneous deposits of a 
sulfonamide compound in powder form in treat- 
ment of chronic infectious arthritis. He believes 
that in chronic rheumatoid arthritis the affected 
joints and lymph glands become metastatic septic 
foci. For these patients he uses a drachm 
(3.9 Gm.) or more of sulfanilamide powder 
subcutaneously in the affected limb. He states 
that improvement was observed in 3 chronic 
cases. 

Neostigmine to relieve muscular spasm in 
rheumatoid arthritis was used by Trommer and 
Cohen-’® on 19 patients. One cubic centimeter 
of neostigmine methylsulfate (in a dilution of 
1 : 2000) and 0.6 mg. of atropine sulfate were 
given ever)' other day. In addition 7.5 to 45 mg. 
of neostigmine bromide -with 0.6 to 1.2 cc. of 
tincture of belladonna were given daily. Thirteen 
patients showed decreased muscular spasm, and 
motions were carried out more readily. The 
effect following injection comes on in fifteen 
minutes and may last several days. [Ed. Note. 
— ^The editor has observed the effect or neostig- 
mine in similar dosage on a large number of 
patients during the past two years. Any bene- • 
ficial effect obsen-ed was slight and transient. 
No lasting benefit was observed from its use.] 

The chronically swollen, painful joint is one 
of the greatest problems in arthritis. Crowe 

217. Rawls, W. B., and others: Analysis of Results 
Obtained with Small Doses of Gold Salts in Treat- 
ment of Rheumatoid Arthritis, .Am. J. M. Sc. 207:523- 
533 (April) 1944. 

218. Kennedy, R. T. : Chronic Infective .Arthritis 
and an Experiment with Subcutaneous Deposits of 
Sulfonamide Powder, M. J. Australia 1:150-152 (Feb. 
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219. Trommer, P. R., and Cohen, A . : Neostigmine 
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states that the articular fluid in chronic synovitis 
is alkaline, while it is acid in acute inflammation 
of the Joint. To decrease swelling, a 1 per cent 
solution of acid potassium phosphate in isotonic 
solution of sodium chloride was injected into two 
hundred and eighU'-four swollen joints. All the 
swellings were caused by rheumatoid arthritis 
except six. which were caused by traumatic 
synovitis. Twenty cubic centimeters was in- 
jected into the larger joints. Nine of fourteen 
joints with chronic swelling cleared up after one 
treatment. Lasting improvement was obtained 
in three fifths of the cases, and temporary relief 
was seen in all except 1, in which the condition 
became worse after the injection. 

Mantha combined gold sodium thiomalate 
with theobromine and sodium salicylate. Thirty- 
five patients had been treated. He gar-e 0.003 
Gm. of myocrt’sine ever}- ten to fourteen days 
and a capsule of 30 grains (2 Gm.) each of 
theobromine and sodium salicylate three times a 
day before meals. Good results were obtained 
by this combination. 

Lawson --- ad^-ocates large doses of salict-lates 
for multiple rheumatoid arthritis (Still’s dis- 
ease). For 14 children, 85 to 293 mg. per 
kilogram were given. Plasma levels of 300 mg. 
per cubic centimeter were maintained. Six daily 
doses were given. Nausea, vomiting and acidosis 
developed in 1 child. Two children had 
tinnitus after therapy by intravenous injections. 
There was a slight prolongation of prothrombin 
time in all patients receiving salicylates. Four 
children with Still’s disease showed remarkable 
improvement, which continued as long as the 
salicylate level remained high. One and one-half 
grains (0.09 Gm.) per pound (0.5 Kg.) was 
given daily, with one-third as much sodium 
bicarbonate. The dosage was increased if the 
plasma levels did not rise above 250 mg. per 
cubic centimeter. After clinical evidence of 
acti\ity was absent for two weeks, the salicylates 
were stopped. 

Recovery from multiple arthritis complicated 
by amyloidosis was reported by Trasoff and 
colleagues.-"' To a girl of 14, with low grade 
fever, palpable spleen and liver and a positive 
result of a congo red test, powdered wliole liver 
was given for a number of months. Tiie liver and 
spleen became no longer palpable, and laboratory 
findings became nonnal. 

2JI Mantli.v. U: Combinntion of Sodium Gold 


Ti 

D'TnnI.Tt': 

and 

Til e' 'fir 

Gminc with 

Sfxlium Salicylate, 

Ui 

li-'.n 

till 

C.-inad.i 

73: 

271-272 

(March) 19-i4. 


Bav.c 

on. 

K. P.: 

.Sn! 

licvlatc 

Thera^w |V/r Still’? 

I)i 

Aca.'F. N*o 

rth 

Car'jlin.v 

Xf 

I. 5:47 

7-4-'2 (Oct. I 1944. 


22a. Tr:i4,. 


; .Sri 

fincc 

Sere. .V 

. and Scarf, 

P. 

:rC' in 

■m 

}.ti::ti;-Ic 

.\rl' 

hriti, O. 

rr.pticatcd hv Amv- 

1 

•'! C 



In!. 

.tft-'.' 74 

:4.K( 1944 


Douthwaite advocates the use of bismuth in 
place of gold for certain patients. In 70 per cent 
of 200 patients treated with gold salts, svniptoms 
and signs of arthritis disappeared, but relapse; 
occurred in six months in the majority of the 
patients. Four courses of 0.8 Gm. each within 
two years seemed to eradicate the disease in 
55 per cent. While gold is relatively effective, 
the great objection to its use is its toxicity. It 
probably acts by virtue of its being a heavy metal. 
Douthwaite began using bismuth, a less to.xic 
heav-}' metal, in 1942. Twelve patients were 
given 0.2 Gm. of bismuth weekly, receiving 
2 Gm. in ten injections. All these patients had 
clinically active disease and an elevated sedi- 
mentation rate. In 4, all evidence of the disease 
disappeared and the sedimentation rate became 
normal. In 2 good results were obtained; 
moderate improvement was observed in 4, and 
4 showed no response to the bismuth. Most oi 
these patients bad a relapse in a few months. 
The authors felt that bismuth was beneficial but 
not so useful as gold. It was not of value for 
patients who failed to respond to gold. Its chic! 
use was for those patients who could not tolerate 
treatment with gold. 

Levinthal and his associates =” disaissed the 
organization of an arthritic clinic. For arthritis 
many varied therapeutic procedures are neces- 
sary. Every disability which the patient presents 
should be considered. Orthopedic management 
concerns itself with correcting anatomic derange- 
ment by the usual orthopedic procedures. Medi- 
cal management concerns itself with upbuilding 
measures and with special therapy.^ The authors 
mention two : large doses of vitamin D; which is 
used when the disease has been present two or 
more years, and gold salts, which arc used in t w 
early cases. 

Phvsical therapeutic me-asures in the treatment 
of arthritis are described by Snow."'''^ In t ie 
treatment the physician must consider 1 le 
psychologic status, the pain and disaluhty, tlie 
prognosis and the patient as a whole. le t}pc 
of physical therapy include moist heat, dry nea . 
massage, passive movement. re.>t, light, clcctrica 
modalities and e.xercise. Jhc t\(>e and .imonnt 
depend on the stage of arthritis. This thcraiy 


224. Douthw.aitc. H.: Treatna-nt of 

Arthritis with lii'^muth, Brit. J* 2 :-/d - 

944. ^ 

225. I.evinihat. D. 1!.: I-otran. C. E. : Ko’iri. K. i • 
ml Fi-hUin. W. I.; Practical 
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luist be followed carefully and carried out bv 
'killed technicians. It is of great help but of 
uselt does not cure. 

The role of surgical measures in the treatment 
of chronic arthritis is discussed by Colonna.-^' 
The orthopedic surgeon should be responsible for 
i'le prevention of deformity and the correction of 
whatever deformity has developed. In the hip. 
detonnity develops in flexion and adduction, and 
osteotomy is sometimes required. In the knee 
die deformity is commonly flexion. An apprecia- 
tion of the mechanical factors leading to de- 
formitv and the mechanical deranErements induced 
by detonnity is of prime importance in the 
rehabilitation of such patients. 

A number of papers have considered the diag- 
nosis. complications and treatment of gout. 

Sezary and co-workers state that gout is 
rarely localized to the extremities. They report 
on a patient in whom deposits of urates provoked 
inflammatory responses and required removal. 
[Ed. Xote. — Faulty diagnosis for such deposits 
IS common until pathologic exaniination reveals 
their true character.] 

Bauer and Klemperer discuss the medical 
management of gout. H\-peruricemia may result 
from decreased destruction, increased formation 
or decreased elimination of uric acid. In gout 
It is probably due to limitation of renal excretion 
of uric acid. Hyperuricemia is not the sole 
cause of deposition of urates in the tissues. The 
physiochemical factors which initiate the pre- 
cipitation of urates are unknown. One cannot 
use detenninations of serum uric acid levels as a 
measure of the efficiency of treatment, nor can 
they be used to predict an attack of gout. 
Colchicum is the drug of choice, but how it acts 
IS unknown, since it does not decrease the hj-per- 
uricemia. In tlie treatment of acute gout, the 
preliminary use of a saline cathartic is recom- 
mended. Colchicine. 0.5 mg., should then be 

• Colonna, P. C. : Role of Surgery in the Chronic 
-•Arthritic Patient, Clinics 2:955-965 (Dec.) 1943. 

228. Sezary, A.; Boulenger, P., and Malanjeau, P. ; 
Ranaris, Presse med. 50: 386-3S7 (June 10) 1942. 

229. Bauer, W'., and Klemperer, F. : Medical Prog- 
ress in Gout. New Endand J. Med. 231:681-685 
(Rov. 16) 1944. 


given every hour until relief of stmptoms or 
toxic symptoms appear — diarrhea, nausea and 
vomiting. Then one to two doses should be 
given daily. Fluid. 3,000 to 4,000 cc., and rest 
in bed should be given. Moist heat over the 
affected joint is helpful. The prevention of 
subsequent attacks is difficult ; a low purine diet 
or a fat-free diet is ineffective, and a normal diet 
is not harmful. As far as can be determined, 
overindulgence in alcohol does not provoke an 
attack. Sezar\- and his colleagues advocate 
balanced diet, avoidance of foods with high 
purine content and avoidance of obesit}-. 
Colchicine. 0.5 mg. three times a day, with high 
fluid intake, a high carbohydrate diet and 
maintenance of an alkaline urine are recom- 
mended for long periods. Salicylates, however, 
are the safest drugs. Acetylsalicylic acid. 5 to 
6 Gm. a day, may be used three days a week. 
This leads to the rapid excretion of uric add. 
Attacks cannot be prevented by the continuous 
use of salicylates. Chronic gouty arthritis is 
least amenable to treatment. Here pain is due to 
permanent articular changes. Gout receives no 
special benefit from spa treatment. The cardio- 
vascular and renal complications are not pre- 
• ventable and must be treated as they appear. 

Bartels,-®® in an analysis of the cases of 14 pa- 
tients with chronic gout, found during an eleven 
year period an average loss of twentj' months 
from work, an average salaiy loss of S3, 640 and 
medical expenses of S498. In order to prevent 
such losses, an interval treatment has been 
planned. This consists of a diet low in purine 
and fat and high in carbolwdrate, with the 
periodic administration of cinchophen. grains 
(0.48 Gm.) three times a day for three days in 
the week. Xo alcohol is permitted. Since this 
diet is low in vitamins A and B, these dtamins 
are added. At times ph^’sical therap}- is helpful. 
Thirty-one cases were studied in detail while the 
patients were on this regimen. Only seven minor 
attacks occurred, as compared with eight}--four 
major attacks during an equal period before 
treatment. 

230. Bartels, E. C. : Successful Treatment of Gout, 

J. Tennessee M. 37:5-9 (Jan.) 1944. 


IX. IXFAXTILE P.\R.\LYSIS 
PREIPARED BV C. E. IRU'IX, M.D,, WARM SrSlNGS, CA- 


Etiology. — Zahorskv’s chief purpose is to 

recall the experiments made by Dr. E. IV. 

231. Zahorslcv, T. : Saunders’ Theory- on the Etiology 
of Poliomyelitis. J. Missouri M. A. 41:162-164 (.^ug.) 


Saunders, who thirty years ago proposed his 
rcvolutionart- hypothesis on the causation of 
acute anterior poliomyelitis. This hypothesis, 
as Dr. Saunders stated, was only a “working 
hypothesis,’’ to be refuted or corroborated by 
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future clinical obsen-ations and laboratorj^ ex- 
perimentation. Briefly stated, Dr, Saunders’ 
hypothesis was this : Poliomyelitis in its sporadic 
appearance has an aviary origin through the 
medium of the green fly (Lucilia caesar) as a 
host. In other words, poliomj'elitis is con- 
veyed by the ova or lan^ae of the green fly from 
a fowl or other animal which has died from a 
specific paral 3 ’tic disease. Not only chickens 
but fowls of ever}- species are affected by limber- 
neck. The experiments of Dr. Saunders def- 
initely proved that the lan^ae of the green fly 
or other species of blow flies developing on a 
fowl dead from limbemeck produce s}'mptoms 
of paralysis when ingested by other animals 
(young fowls or guinea pigs). The author 
states that the clinical experience in a large 
number of epidemics in the last thirty years 
has not refuted any of the clinical' data collected 
by Dr. Saunders, and he wishes to call attention 
to Dr. Saunders’ published articles, which con- 
tain many suggestive avenues of approach to 
experimental medicine. 

Transmission . — Bortagaray reports on the 
most recent poliomyelitis epidemic in Argentina. 
He states that there was an increased incidence 
of poliomyelitis observed in Argentina from 1942 
to 1943 and also an increase in the more serious 
type of disease in adults and older children. He 
states that after use of the treatment prescribed 
by Sister Kenny there were fewer and less 
severe sequelae, deformities were fewer or less 
pronounced, the skin appeared more normal and 
the muscles and bones developed more normal!}'. 
The immediate results of this treatment were ex- 
cellent, with a high percentage of cures in the 
cases of the usually fatal bulbar type. General 
care included rest, doses of phenobarbital sodi- 
um every four hours, small doses of morphine 
and infusions of de.xtrose or isotonic solution 
of sodium chloride given intravenously. The 
respirator was needed less frequently, as there 
were fewer pure respiratory paralyses. Repeated 
spinal punctures relieved headaches and menin- 
geal symptoms. 

Walters studied 100 cases of poliomyelitis 
from July 1 to Xov. 15, 1943 to determine the 
incidence of certain epidemiologic factors for this 
article. The report is as follows; 

Twelve per cent of the patients had been 
swimming in water which may have been con- 

232. Eortajaray, M. H. : Most Recent Epidemic of 
Poliomvelitis in .Arpentina. Rev. Soc. puericult. Buenos 
-Aires 9:.413-4I8 (Oct.-Dec.) IW3. 

233. Walters. O. S. ; Possible Transmission Factors 
in Poliomvelitis, J. Kansas M. Soc. 43:163 (May) 
1P44. 


taminated with sewage. This was not consid- 
ered an important factor in the cases studied. 

Use of water from shallow wells and use o: 
no other sanitar}- facilities than privies tvere 
surveyed. Thirty'-six per cent were regular users 
of well water, 1 1 per cent used cistern water and 
2 per cent had used spring water; 54 per cent 
lived within 100 yards (90 meters) of one or 
more outdoor toilets. 

In line with Aycock’s conclusion that milk- 
home epidemics of poliomyelitis are probablv 
of the same frequency as epidemics of other 
infectious diseases which are occasionally trans- 
mitted through milk, 68 per cent had used rav 
milk for an indefinite time prior to their illness. 

The high incidence in proximity of chickens 
to poliomyelitis victims noted in the study bears 
out Hammon's belief that the rural .barnyard 
and the fowls of the semirural home are the chief 
sources of infection. Eighty-nine per cent of 
the patients surveyed had chickens on their 
owm premises or within 100 yards of their homes. 
Sabin and Ward had concluded, after investi- 
gating the virus in insects, “We believe that 
the search for a reservoir of poliomyelitis virus 
among the lower animals is worth while and 
should continue. . . . We are inclined to 

regard poliomyelitis as a disease which occurs 
the year round but has a greater incidence dur- 
irig the summer and autumn because greater 
dissemination of the virus may be made possible 
by a number of factors, including insects such 
as flies.” In 'Walter's study 12 per cent of 
patients lived within 100 yards of sheep or goatr. 
32 per cent owned or lived within 100 t’ard: 
of horses, 38 per cent were within the same dis- 
tance of hogs and 48 per cent within a dniilar 
distance of cows, 48 per cent owned cat^. 
cent possessed dogs, S3 per cent acknovle gc 
the presence of hies on their premises and j- per 
cent had mosquitoes on their premise?. 

Ward and :\Ielnick"‘ state that the aim m 
their communication is not to make a pl^ tor 
sewage or flies as vehicles in the tran?mi??mn 
of the disease but to point out that contact miec- 
tion has not been demonstrated to be the^ 
important means” of spreading poliomychtis.^ It 
seems futile to insist on a Unitarian t!/-0.} o, 
spread. 

Virus has been kept in sewage at a te:npera- 
tuie of 7 C. up to eighteen days. J-O" co.-centr..^ 
tions of residual chlorine destroy a n.\ed 
of Theiler’s mouse poliomyelitis irur. 
same amount of virus in the presence o, e.-.v.c.r... 


23-(. Wa.-d. R-. and Me!.-;;c!:. J. L : 
tile Paralysis, J. -A. M. .A. I24:r9;-;-'j Fc j . 
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us organic matter survi\'es more than ten times 
ais amount of residual chlorine. 

Arguments against flies playing a role in trans- 
'i'sion are as follows: 1. Flies are not invari- 
’'K' associated with the disease, as in winter 
juliomyelitis. 2. The disease would not attack 
'hildren preponderaiUly, as is the case, if it were 
1 uviiiitted primarily by the fly or any other 
hsect. One would expect just such a high inci- 
knce in children if adults were immune because 
infection — preponderant!}- abortive or non- 
i-’-ah-tic — acquired in childhood or immunit}- 
cquired by other, as yet unrecognized, means. 
The probability of obtaining virus from flies 
' -fj^ed in epidemic areas would appear to be 
good as that of cfotaining it from stools and 
certainly better than that of finding it in naso- 
phaiy-ngeal' washings. 

Contact infection is admittedly a means of 
spread, but that it is “the most important means” 
has not been proved to the authors’ satisfaction. 
Seasonal incidence cannot be explained in this 
way (epidemics fade out when school opens). 
The rarit}- of hospital infection from patient to 
patient and from patient to hospital personnel 
would militate against the philosophy of greater 
segregation as a solution, or even as an aid to a 
solution, to tlie problem. 

The authors e.xpress the belief that it is wise 
to keep receptive minds to evidence which may 
eventually show otlier “modes of spread of infan- 
tile paralysis,” more in keeping with present 
l®owledge of the natural histor}- of the disease. 

Horstmann, Ward and ^lelnick undertook 
a study to determine the average duration of ex- 
cretion of virus in stools of patients following 
acute infection and to ascertain whether a 
chronic carrier state similar to that occurring in 
typhoid exists in poliomyelitis. The stools of 
61 patients (46 paral}-tic and 15 nonparalytic) 
Were collected during tire first or second week 
of tlie disease and at four to six week interv-als 
thereafter. The materials collected were frozen 
immediately or within a few hours after collec- 
tion and stored on solid carbon dioxide until 
ready to be tested. The inoculum (prepared by 
^lelnick’s technic with a few minor dianges) 
ivas ultracentrifuged at 39,000 revolutions per 
minute and inoculated into inunature rhesus 
nionkeys, by the intracerebral route in fift}-- 
four tests, directly into the lumbar portion of 
the cord in eighty tests and by a combination 
of the two routes in twelve. All but 2 monkeys 
'vere ultimately k-illed, and the result of a test 

Horstmann, D. M.; Ward, R., and Melnick, J. 

. Persistence of Virus Excretion in tlie Stools of 
Poliomyelitis Patients T A. ^f. -A. 126 : 1061-1062 
(Dec. 23 ) 1944. 


considered positive when microscopic lesions 
characteristic of poliomyelitis were seen in tlie 
spinal cord. It was found that 61 per cent 
of the patients excreted virus during the first 
two weeks after onset of the disease, 50 per 
cent during the third and fourth weeks, 27 per 
cent during the fifth and sixth weeks and 12.5 
per cent during the seventh and eighth weeks. 
Between the ninth and twenty-fourth weeks, 
virus was detected in only 1 of 52 specimens 
tested, 1 patient excreting it in the twelfth week. 
Not one of the 61 patients followed was demon- 
strated to become a persistent carrier of polio- 
myelitis virus. 

Maxcy-’® states that present day conceptions 
of epidemiolog}- of poliom 3 -elitis rest in a large 
part on the obsen-ations made in Norway and 
Sweden toward the end of tlie nineteenth cen- 
tur}- and during the early part of this century, 
which are available in the classic monograph of 
Ivan W'ickman, published in English transla- 
tion in 1913. Studies in the United States 
began with tlie reports of Dr. Charles S. Caverley 
on the occurrence of anterior poliomyelitis in 
the state of \'ermont in 1894 and were continued 
by Flexner and Lewis after the 1907 epidemic 
in New York and by W. H. Frost after the 

1910 outbreak in Minnesota and Nebraska, the 

1911 occurrence in Iowa, the outbreak in Cin- 
cirmati in 1911 and in Bufiialo and Bataria, 
N. Y., in 1912. The largest epidemic which 
tliis country has experienced occurred in and 
about the city of New York in 1916 and was 
studied in great detail by three officers of the 
United States Public Health Sem'ce. C. H. 
Lavinder, A. W. Freeman and W. H. Frost. 
Since the publication of their report, the large 
number of contributions from investigators in 
this count}- and abroad have served to confirm, 
amplify and extend the basic observations, 
although the net advance has been relatively 
small. 

After review of available morbidit}- and mor- 
talit}- data, witli considerations of their limita- 
tions in mind, the following brief interpretations 
regarding broad general characteristics appear 
to be valid: 

1. The disease is worldwide in distribution. 

2. From no human community is the disease 
long absent. 

3. Transmission can occur in any montlr of 
the year. 

236. ilaxcj-, K. F. : A Reriew of the Epidemiologj- 
of Acute Anterior Poliomyelitis with Reference to the 
Mode of Transmission, Journal-Lancet 64:216-223 
(July) 1944. 
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4. The disease exhibits an irregular interanu- 
nual periodicity in prei’alence. 

5. From an original focus, the spread is pro- 
gressive in unpredictable directions. 

6. It has no regular pattern as regards rural 
and urban distribution if long periods are con- 
sidered. 

7. Poliom 3 'elitis is characteristicall}' a disease 
of early childhood. 

8. Immunity to attack is acquired with advanc- 
ing age. 

9. The total number of patients manifesting 
characteristic paralysis during^ an epidemic 
period rarel)" exceeds 2 per thousand population 
of all ages. 

10. The number of persons infected with the 
virus of poliomyelitis is far greater than is indi- 
cated b}' an attack rate based on reported cases 
of paral 3 ’sis alone. 

11. A considerable proportion of patients has 
had recent direct or indirect contact with a per- 
son who is known or suspected to have or to be 
convalescing from a paralytic or nonparafytic 
stage of the disease. 

After illustrating the behavior of poh‘om 3 'e- 
litis in two local outbreaks (the first in Atlanta, 
Ga., in 1941 and the second in a small rural 
focus in the state of New York in 1940), the 
autlior states that the interpretation which seems 
most consistent with the facts and obsei^'ations 
presented up to this point mav be briefl)' sum- 
marized as stated b 3 ' Lavinder, Freeman and 
Frost in 1916; 

1. That poliomyelitis is, in nature, exclusively a 
human infection transmitted from person to person 
without the necessary intervention of a lower animal 
or insect host, the precise mechanism of transmission 
and avenues of infection being undetermined. 

2. That the infection is far more prevalent than is 
apparent from the incidence of clinically recognized 
cases, since a large majoritj' of persons infected become 
“carriers” without clinical manifestations (i. e., have 
had inapparent infections). It is probable that during 
an epidemic such as that in New York City a very 
considerable proportion of the population becomes 
infected, adults as well as children. 

3. That the most important agencies in disseminating 
the infection are the recognized carriers and perhaps 
mild abortive cases ordinarily escaping recognition. 
It is fairly certain that the frank, paralytic cases are 
a relatively minor factor in the spread of infection. 

4. That an epidemic of one to three recognized (i. e., 
paralytic) cases per thousand, or even less, immunizes 
the general population to such an e.xtent that the epi- 
demic declines spontaneously, due to the exhaustion or 
thinning out of infectible material. Apparently an 
epidemic incidence relatively small in comparison to 
that prevailing in an epidemic may produce a popula- 
tion immunity' sufficient to definitely limit the incidence 
rate in a subsequent epidemic. 


After examining the literature on the ques- 
tion of transmission, Maxc 3 - says that it is uncer- 
tain whether the eft'ective exit of the parasitic 
virus is via oropharyngeal secretions or by feces 
or by both. He anal 3 'zes the data available on 
transmission of fecal-borne pathogen by persons, 
flies and water, and he gives the technic used 
in establishing and then partially abandons the 
In'pothesis of transmission by secretions of the 
orophar 3 'nx. His final conclusions are that it 
is within the realm of possibility that both 
mechanisms of transfer — the respiratory con- 
tact and the fecal contact — are operative and 
that each plav’S a role in maintaining passage of 
the virus through human populations. 

Biermann and Piszczek'^' report on a case 
of poliomyelitis in a newborn infant jn the epi- 
demic of 1943 in Yhchita, Kan. The mother 
had an uncomplicated pregnanc 3 -, with normal 
deHver 3 -. The onset of fever (temperature 
100.6 F.) occurred eleven hours following de- 
liver 3 ', with t 3 'pical s 3 unptoms of acute polio- 
m 3 -elitis ensuing. There was complete paralysis 
of both upper and lower extremities, along with 
bulbar involvement. The patient became pro- 
gressivel 3 ' worse and died on the fourth day post 
partum. The child (a normal bo)') was seen 
by the mother for ten minutes four hours after 
deliver^'. The degree of contact was not ob- 
served. The child was normal until the eleventh 
day of life, when he became listless, febrile and 
C 3 'anotic. The diagnosis of poliomyelitis was 
substantiated b 3 ’' laborator 3 ' obsenmtions, includ- 
ing study of the spinal fluid. Both upper and 
lower extremities and abdomen were involved 
at first, and later general improvement was 
noted but the right lower exfremit)' continued 
paral 3 'zed. 

There were 164 persons who had the disease 
in the county in which this patient resided, 9 of 
these in the town district (the mother was the 
seventh and the child the eighth). The father 
and two other children were well throughout the 
mother’s illness. 

The authors state that the possibilities of in- 
fection in this case were; (1) fetal infection. 
(2) birth canal exposure, (3) contact exposure 
and (4) other contact exposures. In the a^^sence 
of laboratory evidence that contacts of the chil 
other than the mother were excreting pohomye- 
litis virus, it was, of course, impossible to deter- 
mine the source of the infants infection, ov> 
ever, it appeared to them that the available evi- ^ 

237. Biermann, A. H., and Piszczek, E A. ; A Case 

of Poliomyelitis in a Newborn Infant, J. 

124:296-297 (Jan. 29) 1944. 
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deuce suggested tliat infection occurred at time 
of birth or shortly thereafter. 

Kruinbiegel."^* in discussing the transmission 
of virus diseases (specifically poliomyelitis) b\' 
water, states that pathogens causing commun- 
icable diseases known to be spread by water 
usually enter the body via the gastrointestinal 
tract and leave in feces or urine or both. Ac- 
cumulated weight of evidence points toward 
the gastrointestinal tract as the probable portal 
of entry, and there are an increasing number 
of investigators leaning toward the belief that, 
although poliomyelitis is essentially a disease 
aft'ecting the central nervous system, it may be 
a “digestive tract disease” in that the virus 
may enter the body through one end of the 
tract and leave by way of the opposite end. 
^ irus is found repeatedly in stools during the 
second and third weeks of convalescence fol- 
lowing paralytic or abortive attacks. Stools are 
kmown to have contained virus for as long as 
one hundred and twenty-three days. The virus 
IS exceedingly stable, sundving a 50 per cent 
solution of glycerin for eight years, and it with- 
stands low dilutions of phenol and 15 per cent 
ether. It is not surprising, therefore, that it 
may be demonstrable in sewage. The activated 
sludge method of treating sewage is effective 
m removal or destruction of the virus of polio- 
myelitis. . The ^•irus remains active for as long 
as one hundred and fourteen daj's in sterile 
water at room temperature in the dark. It also 
withstands freezing. Coagulation and sedimen- 
tation seem to produce a slight reduction in 
the total amount of virus in any suspension, 
proportional to the amount of virus present. 
Sand filtration has little if any effect. The addi- 
tion of activated charcoal to the suspension is 
partly effective, and the addition of alum floe 
to the suspension greatly reduces the amount 
ot vims. Chlorination studies are inconclusive, 
as they were not comparable to methods em- 
ployed b\- water purification plants. To date, 
epidemiologic eridence fails to indicate that 
■water is biologically of any importance as a 
medium of transmission. It would be necessarj' 
to show that tlie behavior of poliomyelitis in 
some places or at some times is dependent on 
contaminated water. This has never been done, 
^(id the known epidemiologic behavior of the 
isease is definiteh' not compatible with a theor\' 
ot water-borne spread. Cold is not deleterious 
jP. virus ; hence, if water borne, poliomye- 
ifis should occur commonly in winter months, 
ksiially epidemics occur in scattered regions 
'VI th no common water supply. It the disease 

2jS. Krumbicgel, E. R.: Transmission of Virus Dis- 
eases by Water, Bull. Hyg. 19:513 (July) 1944. 


were water-borne, there should be an explosive 
onset with large numbers of cases, which is ndt 
the case. The prevalence of tire disease has not 
been correlated with the degree of sanitarr' care 
surrounding different water supplies as deter- 
mined by either bacteriologic examination or 
sanitary suiwey. 

Casey and Hidden give a most interesting 
account of George Colmer III (Kolmer: Sept. 
21, 1807-Sept. 27, 1878}, a physician who was 
born in London, England, but who resided at 
Springfield, Livingston Parish, La., from 1841 
until his death, except for a short period when 
he had an office in Xew Orleans. His recently 
discovered “Diar}- C” covers the period from 
1849 to 1878 (“Diaries A and B” have not been 
found) and records local and national events, 
clippings from medical and lay journals, pam- 
phlets and advertisements, daily and careful ob- 
servations on weather, flood stages, flowering 
of various plants, occurrence of various epi- 
demics, local meetings and local news, such as 
births, deaths and marriages, obsetwations on 
garden vegetables, fishing, prize-winning stocks 
and crops. Another volume, the daily journal 
of his medical practice from about 1842 to 1878. 
records brief abstracts of the historj-. physical 
examination and treatment of his patients, in- 
cluding two pages of periodic notes on his own 
physical condition. Dr. Colmer was civic 
minded and did much for his community, includ- 
ing the building and running of a slave hospital 
in which the daily board was SI and the medical 
fees in accordance with the inalad}'. His great- 
est contribution, however, seems to be his 
observations on the epidemiolog}* of poliomye- 
litis. Paralysis in children was noted in Phila- 
delphia in 1792 during an epidemic of yellow 
fever, and 4 cases were noted by Badham in 
Workshop, England, in 1835. The pathologic 
changes of poliomyelitis were first described by 
Heine in 1840, but the first epidemic of the 
disease to be reported anj-where in tlie world 
occurred in 1841 in West Feliciana Parish, La., 
some 30 miles (48 Km.) from Springfield. La., 
and was published in The American Journal 
of the Medical Sciences by Dr. Colmer in 1843. 
His obseiwations tliat the disease occurred in 
the form of an epidemic in a small rural area 
in late summer and fall, that_ it largely affected 
children of the teething age (1 to 2 years), that 
it was associated witli paralysis and that most 
of the youngsters eventually recovered have not 
been much improved on during the past hun- 
dred years. His additional note that teething 

239. Casey, E., and Hidden. E. H.: George Col- 
mer and t!ie Epidemiologj- of Poliomyelitis. Soutii. Jf. 

J. 37:471-477 (Sept) 1944. 
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was probabty a factor may also be apt, as the 
drooling saliva is probably infectious in the 
several da 3 -s before the onset of the prodromal 
period. If “Diarj^ B” could be found or the 
daily journal of his medical practice before 1842, 
the epidemic would probabl}' have also been 
described in them in greater detail, as Dr. Colmer 
was an efficient reporter of other local events. 

Diagnosis. — Pounders®^” gives a comprehen- 
sive report on the diagnosis and medical man- 
agement of poliomyelitis. The onset usually 
occurs with mild general symptoms accompanied 
with- disturbances of the upper respiratory and 
digestive tracts lasting twenty-four to fort}'- 
eight hours. Two to four days later fever re- 
curs. along with signs of meningeal irritation, 
and in one to four days later motor distur- 
bances appear. The disease maj' be arrested 
in an)’ stage, and in most cases it does stop 
short of motor involvement. Later, blood serum 
contains antibodies against the -^drus. The tem- 
perature is usually about 102 F. for four or 
five days. There is headache (any type), vorn- 
iting, constipation or diarrhea, urinary retention 
(especially the first five da 3 ’s or so), dizziness, 
irritability, pains in the back and legs and 
general h 3 ’peresthesia. Coarse tremor, especially 
of the hands, is an important diagnostic sign. 
The patient looks sicker than the temperature 
would indicate, the face is flushed and has an 
anxious expression and the pulse is increased 
out of proportion to the fever. There is inabilit}' 
to flex the back. Deep reflexes are exaggerated 
and unequal. There may be meningeal signs. 
The spinal fluid count reveals some increase in 
pressure ; it may be clear or slightl)’ haz}’. The 
cell count averages 100 to 200 but may be 10 
to 1,400. It becomes normal after ten to four- 
teen days. Albumin and globulin are moderatel)' 
increased, and sugar is normal or slightly in- 
creased. 

^luscle d 3 ’sfunction appears in two to five 
da 3 ’s, usually with maximum involvement within 
one or two da 3 ’S. The temperature usually re- 
turns to normal four to six da 3 ’s later. The virus 
is active as long as the patient is febrile. 

The lower extremities are usually involved, 
with spasm of the hamstring muscles. Later 
there are weakness of the quadriceps and spasm 
of gastrocnemius muscles, with weakness of the 
anterior tibial group. In the upper extremities 
the deltoid and shoulder girdle muscles are most 
commonh' affected. The anterior flexors of the 
neck are often weak. 

240. Pounders, C. M. : The Diagnosis and Medical 
Management of Poliomvtlitis, J. Oklahoma M. A. 37: 
4S/-4S9 (Xov.) 1944. 


Respirator)' difficulty may be due to (1) in- 
volvement of the thoracic portion of the cord, 
with d 3 ’sfunction of the intercostal muscles; 
(2) lesions of the cervical part of the cord, in 
the third and fourth segments, with involve- 
ment of the diaphragm, (3) bulbar lesions in- 
volving nuclei of the vagus nerve, (4) acute 
ascending so-called Landry’s 'type of parah’sis 
showing successive intercostal, phrenic and 
bulbar involvement and (5) occasional phar 3 'n- 
geal paratysis resulting in pronounced respira- , 
tory difficult)’ because of excessive fatigue from 
the continual interference with respiration bv 
unswallowed material in the phar 3 ’n.x or by 
actual aspiration of this material. The cranial 
nen'e most commonl)’ affected is the facial, and 
when it is the only’ one involved the patient is 
usually not very sick. In more than half the 
cases, the disease clears up entirely’. Involve- 
ment of the third, fourth and sixth cranial nerves 
affecting the ey’e muscles is occasionally’ en- 
countered. ' 

In treatment, complete rest in bed is indi- 
cated. Sedatives to induce sleep should be used 
cautiously when there is evidence of respiratory 
or bulbar paralysis. Pain and tenderness and 
muscle spasm are best relieved by hot applica- 
tions. The usual procedures recommended in 
care of a sick child are applicable — fluids, a 
high caloric diet of soft food and attention to 
elimination. The respirator should be used when 
indicated, but u'hen the respiratory’ center is 
paraly’zed the apparatus gives only temporary 
help and may' even be harmful. 

Murphy’,'*^ in making a plea for early diagno- 
sis, states that this is imperative for best treat- 
ment. Diagnosis is largely' clinical. Approxi- 
mately 80 per cent of all cases in an epidemic 
area are so-called abortive cases. Sy’mptoms 
are mainly those of an acute infection. A high 
titer of immune substance on virus neutraliza- 
tion tests is demonstrable later. During the 
acute febrile course of the subclinical or clinical 
case and the asymptomatic period of the clinical 
case, there are no immediate symptoms, physica 
findings or spinal fluid changes that are diag- 
nostic. During summer and fall, alertness to 
symptoms of acute infection is necessary. Tem- 
perature ranges from 101 to 105 F., and there 
are headache and vomiting at the onset, con- 
stipation or loose stools, malaise and even 
drowsiness. Pain is inconstant (in the back, 
chest and abdomen) ; it may be due to hy per 
esthesia and may be sufficiently intense at times \ 

241. Jfurphy, J. H. : A Plea for the Early DiagnosU | 
of Poliomyelitis. J. Omaha Mid-West Clm. Soc. 5: 
85-87 (Aug.) 1944. 
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0 simulate otlier disease. Tlie critical findings 
It differential diagnostic value depend on signs 
of cord, brain and nerve irritation and must 
ie supported by physical findings. These are 
ometiuies so extremely variable and changeable 
- they may be detected only by careful, de- 
' berate and repeated e.xaminations. The most 
"I jortant sign is nuchal rigidity, which is 
'companied with or followed by spinal tender- 
ness. Keniig's sign may appear early or not. 
Deep refle.xes are present but variable (hyper- 
active to sluggish). The muscle groups or 
muscles presenting tremors are likely to be in- 
volved. Rigidity of muscles, deep tenderness, 
discrete areas of perspiration, irritation of rectal 
or vesical centers in the lumbar part of the 
cord, with resulting constipation or urine reten- 
tion, all may be demonstrated. Bulbar involve- 
ment may have a rapid onset, with difficulty in 
swallowing, impairment of phonation, salivation 
and excessive mucous secretion, disorientation, 
delirium and coma. 

Puncture of the lumbar part of tire cord is 
of therapeutic value in reducing intracranial 
pressure. The spinal fluid is normal throughout 
the first febrile and asymptomatic stages of the 
disease. At the onset of the paralytic phase, 
the spinal fluid is clear, there is increased 
pressure, the cells may vara- from 10 to 200. 
the total protein is increased and the fluid is 
sterile on bacteriologic examination and does 
not contain tire virus. Hence, examination of 
the spinal fluid is important if the results are 
positive but not irecessarily contradictorr- when 
values are normal. The blood count and sedi- 
mentation rate are irot colrtributorr- to diagnosis. 
Differential diagnosis is important in acute 
poliomyelitis to rule out purulent irreningitis, 
encephalitis, St. Louis encephalitis and occa- 
.sionally acirte arthritis. The cardinal points of 
early diagnosis are : ( 1 ) awareness of polionrye- 
litis, (2) historr’ of febrile attack a few days 
previously, (3) headache and fever. (4) nuchal 
rigidiu- and spinal tenderness, (5) spasm, tremor 
or weakness iir a muscle or muscle groups, 
(6) In-peresthesia or pain. (7) reflex changes 
and (8) cerebrospinal fluid changes if positive. 
The author states that (9) tlie serious grade of 
the disease is indicated by progressive course 
nnd tliat (10) it is impossible to diagnose sub- 
clinical cases in the acute stage. 

— Lumsden,-^- in writing on the 
epidemiology- of poliomyelitis and measures for 
Its prevention, states that the possibility of sev- 

Lunnden. L. L. : Poliomyelitis : Its Epidemiology- 
mid Measures for Its Prevention. Texas Rep. Biol. & 
Med. 1:233-241. 1943. 


eral specific viruses of poliomyelitis is given 
weight by the fact that strains of the virus ob- 
tained in different outbreaks present pronounced 
differences biologically, serologically, immuno- 
logically and otherwise. There are many pos- 
sible modes of transmission, but none are 
conclusive. Preventive measures suggested are: 
(1) cleanliness and maintenance of cleanliness 
(hygiene and sanitation) ; (2) systematic, in- 
tense and continuous fights on rats, mice, flies, 
mosquitoes, roaches, fleas, bedbugs, ants, insects 
and vermin; (3) strict sanitation regarding 
disposal of garbage, manure and excreta of 
poultry and birds ; (4) screening of living and 
sleeping quarters; (5) purified water supplies 
and sanitary- sewage systems with final disposal : 
(6) rigid sanitary and hygienic supervision of 
public eating and drinking places; (7) educa- 
tional campaign to discourage potential droplet 
infection (coughing, sneezing, spitting, blowing 
and wiping) ; (8) reasonable discouraging of 
public assemblages by- children under 6 years, 
and (9) restraining of young children from 
undue physical stress. Qosing of schools, 
churches and theaters, as is often demanded by 
misled public opinion, is unjustified; placard- 
ing of the affected homes is advisable; proper 
isolation of patients is advisable to guard against 
superimposed infections. There should be rigid 
disinfection of discharges from nose and mouth 
and feces. Quarantine is not justified except 
for food handlers and persons in close contact 
with large numbers of children. 

Pathology. — Dublin, Bede and Brown re- 
port their findings on studies of muscles taken 
for biopsy from 3 patients with polioiny-elitis 
and stained by- the Ranvier method. They- ob- 
ser\-ed a degeneration of nerr-e fibers, motor end 
plates and muscle fibers in a degree commen- 
surate with the degree of paraly-sis ; an irregu- 
larity- of distribution in keeping with an irregu- 
larity- of distribution of injury- to nen-e cells 
of the gray- matter of the spinal cord ; a degen- 
eration of nerve fibers, consisting largely- in 
failure of axons to stain together with preser- 
vation of cellular elements of capsules of motor 
endings and of sheaths of Schwann : atrophy- of 
muscle fibers appearing as pyknosis. beginning 
with loss of cross striations and increase of 
longitudinal markings; degeneration of muscle 
and ner\-e ranking probably secondary to injury- 
to ner\-e cells of the spinal cord, and no definite 
evidence of activity of degeneration or regen- 
eration. 

243. Dublin. \V. B.; Bede, B. A., and Brou-n, E. 
Pathologic Findings in Xerve and Muscle in Polio- 
myelitis, Am. J. Clin. Path. 14:264-272 IMayl 1944. 
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Baker states that in view of the numerous 
and comprehensive studies on the pathologic 
changes of poliomyelitis by many competent 
pathologists one cannot hope to offer an}' new 
or startling obsen'ations on this subject. How- 
ever, because of the many conflicting viewpoints 
regarding the significance of the various patho- 
logic clianges, it would seem of definite value 
to review again the histopathology in an attempt 
to arrive at some acceptable conclusions con- 
cerning these lesions and their significance. 
These conclusions are as follows: 1. A review 
of the literature reveals an unusual consistency 
in the nature of the lesions described as occur- 
ring in poliom}'elitis. 2. Six illustrative cases 
of poliomyelitis and polioencephalitis are re- 
viewed and discussed. 3. From these cases, the 
following conclusions can be made concerning 
the pathologic changes of this disease: (a) Men- 
ingitis of a mild degree is one of the earliest 
lesions and occurs independently of any other 
changes. (b) Alesodermal-glial (interstitial) 
changes comprise one of the most striking fea- 
tures. These changes may also occur indepen- 
dently of any other changes, as indicated by their 
appearance among both structurally and func- 
tionally intact neurons as well as by their occur- 
rence in regions where nen'e cells are normally 
absent, (c) The neuronal involvement consti- 
tutes the most important alteration because of 
the associated functional impairment. The dam- 
age to many of the nerv'e cells is reversible, with 
many neurons regaining normal function. Other 
neurons, however, are irreversibly damaged. 

Complications and Sequels . — Cooperstock 
records 4 cases of atelectasis complicating acute 
poliomyelitis with involvement of respiratory 
muscles, in 3 of which unexpected recover}' took 
place. He believes that pulmonar}' infections 
develop secondarily to atelectasis produced by 
obstruction of the bronchi by une.xpelled exu- 
date. In patients with poliom}'elitis with in- 
volvement of respirator}' muscles, there is dimin- 
ished vital capacity due not only to poor tonus 
of these muscles but also to poor general con- 
dition and consequently poor tonus of all 
muscles. There is also impaired efficiency of 
the cough mechanism, which permits accumu- 
lation of mucus in the bronchi and even occlu- 
sion with resulting atelectasis. Stagnant mucus 
is also a good medium for growing organisms 
natural to this region, with secondary pneu- 
monia as a result. The prophyla.xis in such 

244. Baker, .A. B. : The Central Nervous System 
in Poliomyelitis and Polioencephalitis, Journal-Lancet 
64:224-233 (July) 1944. 

245. Cooperstock, M. : Atelectasis Complicating 
.Acute Poliomyelitis with Involvement of Respiraton- 
Afuscles, .Am. J. Dis. Child, 67:457-462 (June) 1944. ' 


cases is the avoidance of exposure to infections 
of the upper respiratory tract and the institu- 
tion of treatment early when they occur. Use 
of a respirator is essential. The respiratory 
tract must be kept open by suction or bronchos- 
copy. The indication for removing such pa- 
tients from respirators is not the ability to 
breathe freely and without effort but the ability 
to cough, which is the prime indication. 

Wyllie discusses a study concerned with 
a familial outbreak of poliomyelitis, which began 
with the introduction of facial palsy into a rural 
family, previously uninfected, by a single mem- 
ber of the family, w'hich resulted in paraly'tic and 
abortive types of the disease in the other 
members. 

Cranial nen’e nuclei are regarded as the ana- 
logs of the anterior horn cells ; hence they may 
be attacked by the virus of poliomyelitis. The 
facial nerve (seventh) is the cranial nerve most 
often involved. The ■ type of facial paralysis 
depends on the site of the lesion. 

(a) A supranuclear lesion produces unilateral 
facial paralysis, but the forehead can still be 
wrinkled (bilateral inner\'ation). 

(b) A nuclear lesion, such as occurs in polio- 
myelitis, results in unilateral paraly'sis very 
similar to Bell’s palsy. 

(c) A lesion behveen the pons and the genicu- 
late ganglion produces flaccid unilateral paralysis 
of the face, usually associated with deafness due 
to the close proximity of the auditory nerve. 

(d) If the lesion occurs in the facial canal 
below the geniculate ganglion. Bell’s palsy is 
apt to be produced. A -sensory disturbance often 
appearing early and transient is fairly common 
in poliomyelitis. 

In the family outbreak a daughter visiting 
in the city returned home afflicted with paralysis 
of the right side of the face. Sixteen days later 
a sister had symptoms of meningitis with paraly - 
sis of the right side of the face. Thirty-six days 
after the sister returned home from the city a 
brother became acutely ill with paral3'sis o 
the abdomen and legs, and a diagnosis of polio- 
myelitis was made. The mother and another 
son suffered sharp attacks of influenza, as 
they regarded it, but their symptoms were also 
suggestive of abortive poliomyelitis. The ii ■ 
nesses occurred in the period from Au^st 
through October, at which time ‘ refrigeration 
of the “superficial part” of the facial nerve vas 
unlikely. Since chills are doubtful causes o 
facial paralysis and a coincidental occurrence of 

246. ygyllie, J,: Facial Paralysis in Relation to 
Poliomyelitis: A Study of a Family Outbreak, Canad. 
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2 cases of Bell's palsy followed by a case of 
paralytic poliomyelitis in the same famih- is 
highly improbable, it is suggested that the virus 
of poliomvelitis may have involved the nucleus 
of the seventh cranial nerve, just as it is known 
to attack the anterior horn cells of the spinal 
cord. Four years after the onset of the disease, 
both sisters exhibited a slight residual paralysis 
of the face and the brother a persisting flaccid 
paralysis of the right leg. 

That additional information might be gained 
on the relation of tonsillectomy to poliomyelitis 
the records of the Manhattan Eye. Ear and 
Throat Hospital were consulted, and many thou- 
sands of patients for whom tonsillectomy had 
been performed were communicated with by mail. 
Page=^' reports on these data along with the 
records secured from the Xew York Department 
of Health, which showed a conspicuous increase 
in the number of poliomyelitis cases ever}- other 
year as follows : 243 cases in 1937. 43 cases in 
1938, 184 cases in 1939, 67 cases in 1940 and 
404 cases in 1941. Of the 27.849 questionnaires 
sent out from the hospital, 8,915 were answered, 
and 1 instance of poliomyelitis was reported. 
Seven patients reported illnesses following tonsil- 
lectomy and adenoidectomy. and all of these 
mentioned some spinal involvement; 6 reported 
spinal meningitis (three months to four years 
after operation) and 1 a “'spinal condition which 
causes nerr’ousness” in a child aged 6. 

Howe, Y’enner, Bodian and jMaxcy report 
on the different teclinic used for demonstrating 
rirus in the human nose and throat, wlrich was 
employed at the Xew Haven Hospital in the 
summer of 1943. The attempt to var}- the 
method employed in the past was made, since 
the attempts of the earlier years have been vir- 
^ally abandoned in the face of readily isolated 
intestinal Hrus. Cotton swabs rubbed against 
the posterior wall of tire oropharj-nx and the 
peritonsillar area were dropped into a fluid-tight 
container with 1 cc. of sterile water, stored on 
solid carbon dioxide and then eluted in phos- 
phate buffer at />h 8, the fluid being pressed 
out of the cotton in a syringe. The eluate was 
then brought to />« 6 and treated with 20 per 
cent ether in the refrigerator until sterile (usu- 
ally thirty-six hours), at which time the ether 
was removed. The entire inoculum obtained 
(m ^ cag g j ^ gjyen to 

24'. Page, j, . Tonsillectomy and Poliomyelitis. 

• n:h. Otolarjmg. 39:323-324 (.April) 1944. 

Howe. H. .A.; Wenner, H. -A.; Bodian, D.. and 
Poliomvelitis Virus in the Human Oro- 
H-nx- Proc. Soc. Exper. Biol. & Med. 56:171-173 

( hinft\ 1f\» • * 


rhesus monkeys of 8 to 10 pounds (3.6 to 
4.5 Kg.) under ether anesthesia through a 
trephine hole made over the sagittal suture just 
posterior to the coronal sutures. An average 
of two swabs were obtained from 10 patients 
(paralytic or nonparal\-tic) during the first week 
of the acute illness. Fourteen spedmens were 
used from the twenty collected, and seven (50 
per cent) produced typical poliomyelitis in the 
test rhesus monkeys. IMicroscopic sections 
showed characteristic lesions in each case. 

Surgical Treatment . — Debrunner discusses 
a case of poliomyelitis in which not only organs 
and tissues were adapted to changed function 
but function itself was adjusted to changes in 
structure. 4 year old girl with residual 
paralysis in the left leg, slight Trendelenburg 
position, pes cavus and pronounced paralysis in 
the heads of both biceps muscles and in the 
gluteal muscles was observed. In tlie foot there 
was a total paralysis of tlie anterior tibial and 
pronounced weakening of both other supinators. 
Her gait was impaired by fault}- position of the 
foot, bearing weight only on the inner margin. 
She had received no planned treatment. To raise 
the foot, a small support was made from a 
plaster cast, which permitted walking in good 
position. Alter a year the support had to be 
altered slightly. 'A year later, when the mother 
came for repair of tlie support, it was noted 
that the impression of the sole had been changed 
to that of a normal foot. It is of special interest 
that a muscle of only secondar}- importance for 
the posture mechanism of the foot was brought 
into use for gait automatism. It is suggested 
that deformit}- might be prevented by training 
motor function. 

Wiesenfeld reviews the results of 17 cases 
of posterior bone block operations : 52.9 per 
cent were done b}- Briggs’s modification of the 
Campbell bone block and 35.2 per cent were 
done by Gill’s procedure. All the patients had 
had prerious foot stabilizations. Of the series. 
11.9 per cent had a combination foot stabilization, 
tendo achillis lengthening and posterior bone 
block. The results were considered excellent 
in 88.2 per cent of die patients operated on. 
There were two failures: in the first patient a 
painful arthritis of the ankle joint developed, 

249. Debrunner. H. : .A Case of Physiologic Func- 
tional .Adaptation of Plantar Muscles in Residua! 
Paralysis, Schweiz, med. Wchnschr. 73:965 (.Aug. 7) 
1943. ' 

250. Wiesenfeld. P. C. : Report of Seventeen Cases of 
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and the second patient was a young woman 
who wished to wear high heels, although the 
foot was blocked at a 90 degree angle. This 
was later revised to give her 10 degrees of 
flexion. 

[Ed. Note. — believe that in all cases of 
posterior bone block there should have been 
previously a stabilization by a triple arthrodesis. 
It appears to me that the triple arthrodesis, heel 
cord lengthening and posterior bone block is 
too much operative procedure to attempt to 
control at one sitting.] 

Kleinberg states that since there is no cure 
for scoliosis the treatment is consequentli' limited 
to t\vo objectives : first, prevention of increase 
in deformity and, second, improvement or reduc- 
tion of the curvature. Scoliosis complicating 
acute poliomyelitis is a more serious problem 
than the idiopathic and the nonparal)'tic curva- 
ture. The salient features that influence therapy 
are the following; 

The plastic state of the tissue. The vertebrae 
become susceptible to structural alterations. 

Onset. The onset is insidious. 

Static imbalance. Unequal involvement of 
muscles of trunk and of pelvifemoral groups. 

Progress of paralytic scoliosis. This may 
occur slowly or progress rapidly after a period 
of several years. It may increise after a seem- 
ingly adequate vertebral fusion. 

Trophic changes. These occur in bones and 
are due to disturbed innervation and poor cir- 
culation. 

Unknown etiologic factor. The etiologic factor 
is unknown. 

Incidence. The incidence was 10 per cent 
in the author’s cases and 30 per cent in the cases 
of Colonna and Von Saal. 

Sex distribution. Cases were about equally 
distributed between the sexes. 

Time of onset of paralytic scoliosis. In 50 per 
cent of cases the onset occurred in the first five 
years after the illness. 

Muscle paralysis. About 75 per cent of the 
patients had involvement of abdominal muscles, 
with convexity of cun-e on weakened side. 

Tj-pes and degrees of curvature. Two thirds 
of 34 patients had a single long curve involving 
most or all the dorsal and lumbar vertebrae. 
In SO per cent the curr-ature was severe; many 
had “razor back” deformities. 

Treatment applied. Mr-otomies. tenotomies, 
astragalectomies, Hoke stabilizations, arthrod- 

251. Kleinberg, S. : Paralytic Scoliosis; .•\n .-\nalysis 
o! Fiitv-One Cases, .-\m. J. Surg. M:301-312 (June) 
1944. 



eses, osteotomies of all types, leg lengthening, 
abdominal fascial reenforcements and spinal fu- 
sions were performed, and all attributed to use 
of limbs and security in standing and walking. 

Results of spinal fusions. Eighty per cent 
failure was encountered in correcting the scoliosis 
or preventing increases. This may be attributed 
to delay in fusion, insufficient number of verte- 
brae fused and pseudoarthrosis in a few. 

The proph)'laxis of paratytic scoliosis includes 
(1) early recognition of deformity; (2) main- 
tenance of sj-mmetrj' of trunk; (3) support of 
the back b)- canvas corset, celluloid jacket, brace 
or plastic jacket; (4) reconstructive -surgical 
treatment, which should be done as soon as the 
phase of spontaneous recover 3 ' has passed; (5) 
exercises, and (6) fascial reenforcement of the 
abdominal wall. This should be done earty, as 
it has little if any- value after severe scoliosis 
develops. 

The treatment of scoliosis involves two fea- 
tures; (1) reduction of curvature, for which 
the author uses traction on the head and pelvis 
with the patient recumbent on a convex frame, 
and (2) spinal fusion, which should be con- 
templated as soon as scoliosis is discovered. 
Fusion should extend from the upper to the 
lower transitional vertebrae of the improved 
spine in a single cun-e of from the uppermost 
transitional vertebra to the lowermost in com- 
pound cun-es. Rest in bed (two to three 
months) should follow until fusion is solid. 
Then the back should be supported by a plastic 
jacket, corset or brace for several years. 

Kleinberg describes an extra-articular 
operation for correction of paralytic genu recur- 
vatum. He employs two Steinmann pins for 
control of the fragments, one passed transversely 
through the distal end of the proximal fragment 
and the second one through the middle third 
of the tibia for control of the lower fragment. 
Osteotomy- of the fibula is done 2 inches (5 cm.) 
below the neck, and the transverse osteotomy of 
the tibial shaft is done about 1)^ inches (12.7 
cm.) below the tubercle. The distal fragments 
are flexed; the upper fragments, maintained in 
hyperextension. -A. cast is applied incorporating 
both pins. Kleinberg summarizes the advan- 
tages of the procedure as follows; 

1. The operative manipulation is completely e-xtra- 
articular. 

2. The surgerj- does not invade the tmee joint and 
does not disturb its normal mechanism by taking away 
tile patella. 

232. Kleinberg, S.; The Operative Correction oi 
Paralvtic Genu Recurvatum, Bull. Hosp. Joint Dis. 5: j 
43-31 '(.^pril) 1944. i 
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3. The tcdinique docs not use a bone graft in relation 
0 tlie joint, and thus Uicre is avoided friction of the 
'■ 'i against tlie articular condyles of the femur. 

4. The operative procedure is relatively simple. 

5. The re-establishing of the normal statics of the 
)aiee is accomplished by reversing the angulation 
■"i,..,;' the metaphysis in a direction opposite to that 
"1 the acquired deformity and to approximately the same 
l-'free. 

6. There is no disturbance of or interference with 
uie musculature of the knee. 


[Ed. Note. — I do not believe that Steinmann 
pins are necessary. Only one Kirschner wire 
is needed to maintain the upper fragment in 
hx-perextension. If a tongue of bone is left 
attached to the lower fragment, the second pin 
is not necessary and one is assured of good bone 
.contact and good apposition of the fragments. 
One important point that was not brought out 
is that genu recurvatum does not occur as a 
single deformit}-; there is usually some genu 
;X'algum and external torsion as well as the recur- 
■'■atum deformity. All three deformities can be 
^corrected at one procedure if after completing 
!^the transverse osteotomy one rotates the distal 
.fragment in such a manner that the external 
-.torsion, genu valgum and genu recurx’atum are 
. rcorrected and then with a Gigli saw removes the 
.^appropriate wedge of bone from the distal frag- 
,nient, the sawed surface being parallel with the 
;;cut surface of tlie upper fragment. A descrip- 
i^tion of this procedure can be found in The J ournal 
slo/ the American Medical Association for Sept. 


>26, 1942.] 

^Iayer,-=® ivriting on the significance of the ilio- 
...oostal fascial graft in the treatment of paral}'tic 
.'deformities of the trunk, describes three tj^pes. 
:'the deformities being classified according to the 
Underlying muscle imbalance. In the first, there 
x-jis a unilateral paralysis of all the muscles of the 
trunk. This produces a scoliosis with convexitx 
'l to the paral3'zed side and a domiward tilt of the 
. pelvis. This deformit}' leads to fixed pelvic 
obliquitj-. The second is due to the paralysis of 
^'^ternal and internal oblique muscles, but the 
■'^^’^sdratus lumborum muscle remains normal, so 
'^.^bat there is no pelvic obliquity. In tlie third 
j^ tjpe there is paralysis of abdominal muscles on 
' ' both sides, producing a downward tilt of the 
polvis and an exaggerated lumbar lordosis. He 
ix^states that these deformities are not always clear- 
^..cut but that two of these classifications may be 
present in one deformity. He stresses the im- 


253. Mayer, L.: The Significance of tlie Iliocostal 
.Fascial Graft in the Treatment of Paral.vtic Deiorrmhes 
?t the Trunl^ T. Bone & Joint Surg. 26:_a/--/l 
(-■vpril) 1944. 


portance of early detection of these deformities 
followed by early treatment which comprises 
"well leg traction,” pulling down on the elevated 
side of the pelvis and pushing up on the depressed 
side. This “well leg traction” may or may not 
be combined with a Risser type of tumbuckle 
jacket. He describes in detail the iliocostal fas- 
cial transplant which passes from the crest of the 
ilium to the ninth rib on the same side. Spinal 
fusion alone is not adequate to control these 
deformities, because if the muscle imbalance is 
allowed to remain the scoliosis will promptlj- re- 
cur. Spinal fusion, however, is an important part 
of the treatment in correcting the three types of 
deformities he describes with which there is an 
exaggerated lumbar lordosis. It is not clearcut 
when a spinal fusion or a fascial graft should 
be combined. His rule is to do the fasdal graft 
first and observe the patient at three month 
intervals, and if the scoliosis increases as much 
as 10 degrees then a spinal fusion should be 
done. He reports 38 cases in which forty-six 
grafts were done. The results were good or 
excellent in 30 cases. 

[Ed. Note. — I cannot conceive of a fixed 
paralj’tic pelvic obliquity in the cases described 
under the first classification, wherein the defor- 
mity is confined to the trunk and can be cor- 
rected by fascial transplant alone. In these 
deformities the pelvis is not onl}" oblique but 
displaced to one side. One must remember 
that a normal person when taking a step main- 
tains the pelvis in a level position bj- the ab- 
ductor muscles pulling down on the weight- 
bearing side, assisted by the lateral trunk groups 
pulling up on the opposite side, the femoral 
head being the fulcrum. When there is a paraly- 
sis of the trunk muscles on either side, this 
balanced system is disrupted. In all these cases 
there is a severe functional -imbalance involving 
the side below the pelvic level on the side to 
which it is displaced and diagonally on the oppo- 
site side or trunk above the pelvic level. I have 
alwaj'S done a Soutter fasciotomy to release the 
tight hip abductor muscles on the low side of 
the pelvis, followed by "well leg traction” in 
the attempt to restore the pelvis to its normal 
position. Then a fasdal transplant is done on 
the same side. The pelvis cannot be restored 
to its original position in true fixed pelvis ob- 
liquity any more than one can completeh- correct 
the scoliosis with rotation. It is surprising how 
tl-,e walking of these persons is improved by 
simply doing a subtrochanteric osteotomy on 
the high side of the pelvis and shifting the femur 
nearer the midline.] 
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ARCHIVES OF SURGERY 


X. POLIOMYELITIS 

PREPARED BY J. A. TOOMEY, CLE\*ELAXD 


Paul reports on the localization of the virus 
of poliom 3 -elitis in human beings and on the 
epidemiolog}' of the disease. 

Howe and Bodian^^" demonstrated virus in 
a series of 174 specimens of stools from human 
beings and chimpanzees. The}' state that if 2 or 
more test animals were used the recover}' rate 
would be 90 per cent. 

^^^ard and Sabin described 2 patients with 
poliomyelitis and 1 healthy person from whom 
poliomyelitis virus had been isolated from the 
stools in the winter. 

Slelnick describes rod-shaped particles 
found with a new electron microscope in the 
stools of patients with poliomyelitis. They were 
also present in stools from normal patients; it 
was impossible to say whether these were the 
specific virus of poliomyelitis or were normal 
physiologic constituents of stools. Concrete evi- 
dence was lacking. 

Howe and Bodian isolated poliomyelitis 
virus from the stools of 2 uninoculated chim- 
panzees six months after they were quartered 
adjoining rhesus monkeys getting intranasal 
inoculation of potent human stools. They even 
demonstrated lack of antibody on admission 
and later development of antibody after isolation 
of virus from the stools. 

Faber and his associates produced polio- 
myelitis in monkeys (especially cynomologus) 
with great facility, the route of the infection 
probably being by the afferent fibers of the fiftli 
cranial nerve. Entr}' by way of sympathetic 
fibers of the nose and phar}'nx was also demon- 
strated in 1 instance. Faber believes that be- 

254. Paul, J. R. : Poliomyelitis, in Haney Lectures, 
1942-1943, Lancaster, Pa., Science Press, 1943, vol. 38, 
pp. 104-122. 

255. Howe. H. A., and Bodian, D. : Efuciency of 
Intranasal Inoculation as Cleans of Recovering Polio- 
myelitis Virus from Stools, Am. J. Hyg. 40:224-226 
(Sept.) 1944. 

256. Ward, R,. and Sabin, .•\. B.: Presence of Polio- 
myelitis Virus in Human Cases and Carriers During 
Winter, Yale J. Biol. & Med. 16:451-459 (May) 1944. 

257. Melnick. J. L. : Detection with Electron Micro- 
scope of Rod-Shaped Particles in Stools of Normal 
and Poliomyelitic Individuals. J. Immunol. 4S:2a-2S 
(Jan.) 1944.' 

25S. Howe. H. and Bodian, D.: Poliomyelitis 
by .tccidental Contagion in Oiimpanzee. I. Expcr. 
Med. 80:383-390 ( Xo'v.) 1944. 

2a9. Paher. H. K. ; Silverbcrg, R. J.. and Dong, L. ; 
Pohome-elitis m Cenomologus Monkev: Infection bj' 
Inhalation of Dropfct N'uclei and Xa ?opharjTi?*^^ por- 
tal o: Entrj-, with Note or. This Mode of Infection 
Rhesus. J. K.xper, Med. 80:39-57 (July) 1944. 


cause of air and dirt contamination this mar It 
a good source of infection. 

Rendtorff and Francis foimd virus in the 
abdomens of flies; presumably it does not mul- 
tiply in the gastrointestinal tract. They also 
recovered it from fecal and vomit spots. 

Rinehart believes that there is a predis- 
posing factor in the host which increases his 
susceptibility to poliomyelitis. He suggests salt 
depletion and hemoconcentrations as possible 
factors. 

[Ed. Rote (J- A. T.). — One wonders why 
the disease is not more prevalent in the tropics 
and would agree further that more work needs 
to be done.] 

Rosenow,-®- believes that the inciting agent 
of poliomyelitis represents interrelated phases 
of the streptococcus and that the virus, as otliers 
term it, is the small filtrable invasive nonan- 
tigenic phase of tlie streptococcus. 

In another communication. Rosenow re- 
ports isolation of a filtrable infectious agent 
from neurotropic streptococci (the patient had 
hiccup) which first produced encephalitis and. 
after successive passages, s}Tnptoms and lesions 
of polioencephalitis in both mice and monkeys. 
The author believes that tliis is a “natural” poli- 
omyelitis. 

In a subsequent publication, Rosenow 
brings together all of his experimental work on 
the filtrable invasive and nonantigenic phase of 
the streptococcus. 

[Ed. Xote (J. A. T.). — One can say about 
all this work only that it does not seem to be 
accepted by persons working in the field, some 
of them claiming that they have tried to repro- 
duce Rosenow ’s experiments, without results, 
and a few others confirming him. It appears that 
an unbiased study of tliis work is indicated.] 

260. Rendtorff. R. C. and Francis, T.. Jr.: .Survival 
of Lansing Strain of Poliomyelitis ^ irus in Common 
House-Fly, J. Infect. Dis. 73:198-205 (Xov.-Dec.) 1943. 

261. Rinehart. J. F.: Salt Metabolism in Poliomye- 
litis, J. Xerv. S: Ment." Dis. 99:825-833 (May) 1944 

262. Ro.senow. E. C.: Poliomyelitis: Studies on In- 
citing -Agent and Specific Serum Treatment, Lance. 
1:491-493 (April 15) 1944. 

263. Rosenow, E. C. : Production of I-illrable lujc. 
tious -Agent from -Alpha Streptococci. .Am. J. Cl-~ 
Path. 14:156-167 (.March) 1944. 

264. Rosenov. E. C.: Poli'/rnyylitf- : Bf'at.o.n 
Xeurotropic Streptococci to Epidemm and Exr^-.'irrvnt... 
Poliomyelitis and Poliomyelitis Virus: Diacno.-Uc ncro- 
logic Tests and Serum Treatment. Intern, at. Itu I. r.'' 
m'. Research 8: Pub. Hyg. A41:9-83, I9-t. 
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In tliree papers by Roscnow, the same idea 
about the Streptococcus is expanded and enccph- 
■ -is is considered as a kindred entity to polio- 
myelitis. He calls attention to the fact that onlv 
streptococci with neurotrophic properties inher- 
ent or induced will yield “neurotrophic” virus. 
He suggests that the relation between the strep- 
tococci and the virus in encephalitis and polio- 
myelitis is phasal rather than synergistic. In 
most instances the streptococci were of the alpha 
type. He describes a cutaneous reaction, a pre- 
cipitation test, results of agglutination proced- 
ures and the other qualities of immunity and 
antigen sensitivity. 

Milzer and colleagues -''® report that the Lan- 
sing strain of virus is inactivated in less than 
one second’s exposure to ultraviolet rays and 
that the inacti^•ated virus could he used as a 
racdne to prevent the disease in motikeys and 
in mice. 

[Ed. Note (J. A. T.). — Before such a vac- 
cine is tried, there is need for more and cor- 
roborative evidence.] 

ileyer believes that there is an inflamma- 
tion of the walls of the jugular vein in patients 
with poliomyelitis, which responds promptl.v to 
the application of leeches over the inflamed jug- 
ular vein. . 

[Ed. Note (J. A. T.). — There is no evidence 
to support this conception.] 

Kramer, Geer and Szobel tested the effects 
of innumerable agents for tlieir viricidal activ- 
It}- — so far as barbiturates, dyes, organometallic 
compounds, sulfonamide compounds and a host 
ot chemicals (one hundred and sixty items in 
oil) were employed, with negative results. 

[Ed. Note (J. A. T.). — This is an important 

• and fundamental piece of work.] 

Rosenow, E. C. : Filterable Infectious .-^gcnt 
oteined from Alpha Streptococci Isolated in Studies 
To of Poliomyelitis, Am. J. Clin. Path. 14:519-533 

• ^ '^*•1 1944; Specific Streptococcal Antibody- Antigen 
ructions in Poliomyelitis : Preliminary Report, Proc. 

Meet., Mayo Clin. 19:444-448 (-■\ug. 23) 1944; 
adies on Virus Nature of Infectious Agent Obtained 
rom Four Strains of “Xeurotropic” Alpha Strepto- 
, COCCI, J. Neri-. & yfent. Dis. 100:229-262 (Sept.) 1944. 

'her, A. ; Oppenheimer, F., and Levinson, 
. pi, \ Production of Potent Inactivated Vaccines with 
P^'’’olct Irradiation: Abbreviated Preliminarj' Re- 
, ort on Completely Inactivated Vaccine (Lansing Strain 
, in :Mice, J. .A. M. A. 125:704-705 (July S) 

Poi^^ ^loyer, O. : New Principle in Treatment of 
Intemat. Bull. M. Research & Pub. Hyg. 
^«-P:3-9, 1944. 

Ci]^' Eranier, S. D. ; Geer, H. -A.., and Szobel, D. -A.: 
- pjj.j'Ctyupbylactic and Therapeutic .Action of Wide 
y- ^ ■ C'J Chemical Compounds on Two Neurotropic 
(No\Vi 94 T'°"® -R Imniunol. 49:273-314 


Toomcy believes that sulfonamide com- 
pounds sliould riot he given to patients uh'th 
poliomyelitis, since experiments show an ag'grar 
vation of tlie disease wlien’ these drugs are’ given 
to c.xperimental animals. 

Ehricli and Foster repeated histologic 
studies of mouse poliomyelitis and found it to 
he tlie same as that described hj- Lillie, Arm- 
strong. Jungehlut and Sanders. There is good 
correlation between the histologic changes in the 
central nervous system and the clinical signs. 

Jungehlut -r' showed that two strains of hu- 
man poliomyelitis virus and Theiler’s mouse 
encephalemyelitis virus revealed overlapping in 
cross neutralization and in antiviral immune 
serum tests, reciprocal in some but not so in 
others. He obtained evidence of group spec- 
ificity after intracerebral tests and of strain 
specificity after intraperitoneal tests. He be- 
lieves that all virus previously referred to could 
he classed under a “poliomyelitis group.” 

Paul found that grivet and vervet monkeys 
are more susceptible to poliomyelitis virus than 
are baboons, and he feels that they are satis- 
factor}- animals to work with in experimental 
poliomyelitis. 

Rasmussen and colleagues showed that 
mice fed an adequate diet save for various levels 
of riboflavin showed no consistent differences 
to infection with Theiler’s virus. In experiments 
with the Lansing strain, there was slight but 
definitely greater resistance in the deficient 
group. 

iIcCbrmick has for a long time been of 
the opinion that thiamine deficiency has some- 
thing to do with poliomyelitis and that there is 
an affinity between beriberi and poliomyelitis. 

Lichstein and co-workers showed that mice 
fed rations deficient only in calcium panto- 
thenate have increased resistance to Theiler’s 
encephalitis but the course of the disease fol- 
lowing infection with the Lansing virus is not 
influenced. 

269. Toomey. J. A.: Treatment of Poliomyelitis, J 
A. M. A. 126:49 (Sept. 2) 1944. 

270 Ehrich, W. E., and Foster, C. : E.xperimental 
Poliomyelitis in Mice : Observations on Its Genesis and 
. on Histologic Changes, .Arch. Path. 38:365-369 (Dec.) 
1944. 

271. Jungehlut, C. W. : Serologic Relationships M'ithin 
Poliomyelitis Group of Viruses, .Am. J. Pub. Health 
34:259-264 (:March) 1944. 

272. Paul, J. R. ; Susceptibility of East African 
Monkevs to E.xperimental Poliomyelitis, Yale J. Biol. 
& Med 16:461-466 (May) 1944. 

273. Rasmussen, .A. F., Jr.; Waisman, H. .A., and 
Lichstein, H. C. ; Influence of Riboflavin on Suscepti- 
biiitj- of Mice to E.xperimental Poliomyelitis, Proc Soc. 
Exper. Biol. & Afed. 37:92-95 ,(Oct.) 1944. 

(Fcoiv.oics contitiiicd or. r.txt 



308 


ARCHIVES OF SURGERY 


[Ed. Note (J. A. T.). — One wonders about 
such results when it is learned that the virus was 
introduced intracerebrally.] 

Foster and colleagues -'® enlarge on their 
theorj' that ‘a thiamine deficiency protects, and 
the}' now show that the protection is not due to a 
resulting anorexia. 

Weaver and colleagues report that the re- 
sult of their e.xperiments on cotton rats yielded 
no evidence that avitaminosis D partial inanition 
and other factors altered the susceptibility of 
their cotton rats to the Armstrong Lansing 
strain of poliomyelitis virus. It is felt that their 
conclusions were justified as regards rats. They 
mention Toomey’s experience with vitamin 
D-deficient animals. 

[Ed. Note (J. A. T.). — It is only fair to point 
out that Weaver and co-workers used rats, 
animals which do not acquire rickets from the 
exclusion of the vitamin D factor but contract 
the disease only when the calcium-phosphorus 
ratio is disturbed by an unbalanced diet, a con- 
dition which vitamin D alone does not cure, 
ty'eaver’s work did not repeat Toomey’s experi- 
ments — experiments in which the virus was 
introduced by way of the gastrointestinal tract 
into monkeys, animals susceptible to vitamin D 
deficiency.] 

Toomey and associates -‘® were unable to ac- 
climate ^•irus to white rats either overfed or 
deficient in vitamin B. They confirmed the 
point raised by Foster and colleagues that there 
is a difference between ritamin B-deficient ani- 
mals and overfed or sufficiently fed animals. 
However, these workers thought that the dif- 
ference might not be so striking if, despite lack 
of paralysis, the presence of virus could be 
demonstrated in the animals that died. When 
second generation transfers were made with 
cords of mice that died without paralysis in the 

274. McCormick. W. J.: Pathologic Affinities of 
Beriberi and Poliomyelitis, M. Rec. 157:414-419 (Julv) 
1944. 

275. Lichstcin. H. C. ; Waisman, H. A.-, Elvehjcm. 
C. A., and Clark, P. F. : Influence of Pantothenic Acid 
Deficiency on Resistance of Mice to Experimental 
Poliomyelitis, Proc. Soc. Exper. Biol. & Med. 56:3-5 
(May) 1944. 

276. Foster, C. ; Jones, J. H. ; Henle, \V., and Dorf- 
man, F. : Comparative Effects of Vitamin Bj Deficienej- 
and Restriction of Food Intake on Response of Mice 
to Lansing Strain of Poliomyelitis Virus, as Deter- 
mined by Paired Feeding Technic. J. Exper. Med. 80: 
257-264 (Oct.) 1944. 

277. Weaver, H. M.: Effect of Rachitogenic Diets. 
Partial Inanition, and Sex on Resistance of Cotton 
Rats to the k’irus of Poliomvelits, J. Pediat. 24:i?.?-103 
(Jan.) 1S44. 

27S. Toomc>-, J. .-X. ; Frohring, W. O.. and Takacs, 
W. S. : Vitamin Bi Deficient Ani.mals and Poliomye- 
litis. Vale J. Biol. £: Med. 16:477-455 C\fay) 1944. 


first generation, there was no significant diffe 
ence in the total number of animals paralyze 
in the vitamin B-overfed and the vitamin B-di 
ficient groups of animals. These authors sii; 
gest that a conclusion the reverse of the usu: 
one could be made, in that in mice overfed wil 
thiamine some slight protection developed an 
that the development of paralysis in these an 
mals might indicate a slight protection to tf 
rirus. 

Rasmussen and associates felt that the; 
as had Foster and co-workers, had proved th: 
mice fed low caloric diets deficient in thiamir 
showed a lower incidence of infection both t 
Theiler’s and to Lansing’s strains of virus. I 
some thiamine-deficient sunnvors subsequent! 
given adequate thiamine, paralysis occurre 
after a prolonged incubation period. 

In brief, Foster and colleagues showed tiit 
there was more paralysis following injection c 
Lansing poliomyelitis in mice given more thia 
mine hydrochloride than in those that had 
deficiency. 

[Ed. Note (J. A. T.). — Though there was 
statistical difference, one wonders whether th 
statement can be made that deficiency increase' 
resistance.] 

Marshall makes an attempt to implicat 
vitamin C as a factor in the poliomyeliti 
concept. 

[Ed. Note (J. A. T.). — His evidence ant 
authorities quoted do not prove his point.] 

Frohring and Toomey showed that in 1( 
patients with poliomyelitis the biotin conten 
was about 20.6 micrograms, the riboflavin con 
tent between 500 and 800 micrograms and fht 
pantothenic acid content between 1,460 and 6,76( 
micrograms. The biotin and riboflavin content; 
seemed Iiigher than the figures obtained by othei 
investigators for normal persons. 

Wood cites some examples as to how pos- 
sible reaction might be thrown out of balanc 

279. Rasmussen, A. F., Jr.; Waism.in, H. A.; Elve 
hjem, C. A., and Clark,. P. F.: Influence of Level m 
Thiamine Intake on Susceptibility of ^^icc to Polio- 
myelitis Virus, J. Infect. Dis. 74:41-47 (Jan.-Fcb.) 
1944. 

280. Foster, C. ; Jones, J. H. : Henle, W., and Dorf- 
man, F. : The Effect of Vitamin Bj Deficiency and of 
Restricted Food Intake on the Response of Mice to 
Lansing Strain of Poliomyelitis Virus. J. Exper. Med. 
79:221-234 (Feb.) 1944. 

281. Marshall, R.: Physiological Paralysis Protec- 
tion. Rec. 157:281-284 (May) 1944. 

282. Frohring. W. O., and Tmmcy. J. A.: R'k-'" 

flavin. Pantothenic .-Xcid and Biotin Excretion Test* 
in Patients with Paralytic Poliomyelitis, J. Pediat. 24: 
293-294 (March) 1944. 

283. Wood. H. G.: .Xfetabolism of Nervous Tissue in 
Poliomyelitis, Jou.-nal-Lancct 64:240-242 (July) 1944. 
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by interference of a virus and thus upset cellular 
metabolism. The reported interference of polio- 
myelitis with the anaerobic glycolysis of the hrain 
has not been confirmed. 

Nickle and Rabat claim some specific dif- 
ferences in metabolism between brain tissue in- 
fected with W'csteni equine encephalomyelitis 
and that infected with poliomyelitis. Utilization 
of ox}-gen of the poliomyelitic brain is below nor- 
mal with a glucose concentration of 121 mg. per 
hundred cubic centimeters ; with a concentration 
of 217 mg. per hundred cubic centimeters utiliza- 
tion of ox},'gen of the encephalitic brain is below 
nonnal, but that of the poliomyelitic brain is not. 
Other substrates were used to show a difference, 
lactate-glucose, pyruvate-glucose and succinate- 
glucose. 


Gellhom reports investigations on the influ- 
ence of muscle pain on muscular incoordination. 
He concludes that movements are modified in 
intensitj- and equality not onl}- b^* proprioceptive 
impulses but also by muscle pain. 

Rabat and colleagues report a decrease in 
fhe lactic acid content of tlie brains of mice 
infected with poliomyelitis virus. Tliey feel tliat 
ihis evidence supports the view that the virus 
■ ™ay interfere with metabolism. 

J prey’s publication is fundamental and de- 
Kribes the early histologic changes that occur 
; m the neuromuscular mechanism of experimen- 
^ poliomyelitis in monkeys. The early loss of 
4e motor end plate was striking. He suggests 
tentatively that the clianges are a result of ab- 
normal excitation of the secretor}' mechanism 
I of motor end plates which results in progressive 
^'^haustion of the gold-staining axonic substance 
' leadmg to denen-ation at the myoneural junction. 

Gard^®® describes two colonies of albino mice 
in wluch, during epizootics caused b}' Salmonella 
enteritidis and Bacillus piliformis, there were 
. and 5 cases of spontaneous mouse poliom 3 'e- 
itis obsen'ed. The transfers were easiest when 
, made from the intestine, next easiest from the 
, ^nnph node s and then from the tissue of the 

I Nickle, M., and Kabat, H. : Specificity in Effects 

n Brain Metabolism of Two Differing Neurotropic 
'i^ses, J. Med. 80:247-255 (SepL) 1944. 

I 03. Gellhom, E. : Effect of Muscle Pain on Central 
, i System at Spinal and Cortical Levels, Joumal- 

i-^cet 64:242-245 (July) 1944. 

X.'h' Erickson, D.; Ekiund, C., and 

1 • p Decrease in Lactic Acid Content of Brain 

‘'^Poliomyelitis, Science 98:589-591 (Dec. 31) 1943. 
c ~ ^'.Earey, E. J. : Studj' on Ameboid Motion and 
.of Motor End-Plates : Anatomic Effects of 
'omjelitis of Neuromuscular Mechanism in Monkey, 
■ Ea*. 20:961-995 (Sept.) 1944. 

„ "1 '. f^ard, S. : Observations Concerning the Patho- 
Yal *T Epidemiologj- of Mouse Poliomyelitis, 

J. Biol. & Med. 16:467-476 (May) 1944. 


central nervous system. The involvement of 
the lymph node was stressed. 

Herrarte and Francis described several' 
methods of recovering virus from various bio- 
logic specimens. 

Bourdillon studied the sedimentation, the 
electrophonetic mobility and the serologic reac- 
tivi^' of purified Jungeblut’s SK adapted mouse 
strain in its two hundred and seventieth to three 
hundred and twentieth passage. The injected 
dose was always 0.03 cc. of serial dilutions. 

[Ed. Note (J. A. T.). — ^The article is a 
technical one; suffice it to say that it is one not 
well suited for abstract.] 

Foster and Ehrich-®^ describe the technics 
which they used to demonstrate the alterations 
of brain and spinal cord characterizing infection 
with Lansing strain of virus in the mouse. 

Bourdillon describes in detail the methods 
of purification of virus by means of the Swedish 
angle centrifuge. 

A long article on the therapy of poliomyelitis 
in the acute stages of the disease has been writ- 
ten bj’ Toome}’.®®® He concludes: 

1. As first shown by Feiss," immobilization and splints 
are unnecessary in the acute stages of poliomyelitis. 

2. Active movement, manipulations, etc., in the acute 
stage of the disease do not harm the patient. 

3. Some form of heat should be used to bring about 
\-ascuIar dilatation in the early stages ’of the disease. 
The muscles should be moved through their normal 
arcs. 

4. Muscle reeducation plays the most important role 
in poliomyelitis therapy. It should be started early and 
should be persistently carried out over a long period 
of time. 

An excellent article by Ward is devoted to 
the epidemiologj' of poliomj'elitis. He gives a 
good review of the probable epidemiologic facts 
known to date. 

289. Herrarte, E., and Francis, T., Jr.: Efforts To- 
ward Selective Extraction of Poliomvelitis Virus, J. 
Infect. Dis. 73:206-211 (Nov.-Dee.) 1943. 

290. Bourdillon, J. : Purification, Sedimentation, and 
Serological Reactions of the Murine Strain of SK 
Poliomyelitis Virus, Arch. Biochem. 3:285-297 (Feb.) 
1944. 

291. Foster, C., and Ehrich, W. E. : Demonstration 
of Lesion Produced by Experimental Poliomyelitis in 
Central Nervous System of Mouse, Arch. Path. 37: 
264-271 (April) 1944. 

292. Bourdillon, J. : Heat Inactis-ation of Murine 
Strain of SK Poliomyelitis Virus, Arch. Biochem. 3: 
299-303 (Feb.) 1944. 

293. Toomey, J. A.: Observations on Treatment of 
Infantile Paralysis in Acute Stage (Nathan Lewis Hat- 
field Lecture), Tr. & Stud., Coll. Physicians, Phila- 
delphia 12:14-25 (April) 1944. 

294. Ward, R.: The Epidemiology of Poliomvelitis, 

J. Bone & Joint Surg. 26:829-832 (Oct) 1944. ' 
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' XI. POLIO Jli'JELITIS : • COXVALESCEXT TREATMEXT AXD RELATED- SUBJECTS 


PREPARED BY ROBERT I_ BEXXETT, W.\RM SPRINGS, GA.. 


The following articles concerning, the treat- 
ment of patients in the convalescent phase of 
acute anterior poliomyelitis will be divided into 
five parts : 

1. Articles on the natural course of polio- 
myelitis, when no treatment is given. 

2. Articles on the purposes, the technics and 
the results of the so-called orthodox treatment. 

3. Articles on the purposes, the technics and 
the results of the Kenny method of treatment. 

4. Articles on the purposes, the technics and 
the results of combination forms of treatment. 

5. Articles on subjects having a direct bearing 
on treatment. 

T]tc Natural Course of Poliomyelitis. — Sher- 
man reports her observations on a group of 
70 unselected patients through the entire course 
of their acute disease and through the first six 
months of the convalescent phase. The patients 
received the same general treatment as that 
essentially required for any acute febrile condi- 
tion. They were given absolute rest in bed, 
with as nearly a normal diet as possible, and 
were disturbed only for rapid physical exam- 
inations. Fifty-three of the patients received 
convalescent or adult blood serum. Kennj' 
packs, splints or special apparatus were not used. 
Patients were discharged as soon as convales- 
cent. even though the period of quarantine had 
not e.xpired. Of the 70 patients, 13 (1S.5 per 
cent) were nonparalytic; 9 (13 per cent) had 
onh’ bulbar involvement, and the remaining 48 
(68.5 per cent) had spinal or bulbospinal 
involvement. Si.x patients (8.6 per cent) died. 
.•\t the end of si.x months, 38 ( 54.3 per cent) 
patients who had demonstrable weakness during 
the acute phase were not handicapped. Of these. 
7 (10 per cent) had no detectable weakness 
and 31 (44.2 per cent) had functionally insig- 
nificant weakness. Si.x (8.6 per cent) had 
functionally significant weakness but required 
no therapy, and 7 (10 per cent) had severe 
weakne.'S requiring braces or surgical treatment. 

Hipps and Crook”'''' report on a study of 
88 ()atient^ ob.-erved over a [jcriod of t^vo and 
a lialf year.'. These patients were divided into 
three groiii(.s ; (1) patients treated by rest, 

splints anrl pla.-ter casts earlv in the course of 
the di-ease; (2) patients given phv-ic.al therapy 

2’'- .‘'hcrrr.'in. .\f, ■ The N'ac.rra! Coiir-c o: Polio- 

h-t;., .1 A .M \. IZo-.W-m (}.Ur ],>) 1944. 

■ ib; :-. H !•:. Crr p I_ : fr-riy Treat- 
; r; In-ri-tgr [’ira!y.i;5. .Arch. Ph; s. Tnerapy 25: 
4 r I Jr.'.y ! I''.44. 


under water early in the course of the dist 
and (3) patients who were given no treatn 
In the group in which no treatment was gi 
tliere was 31.1 per cent improvement. In 
group in which early rest, splints and pk 
casts were used, there was 33.8 per cent 
provement. In the group in which early pi 
cal therapj- under water was given. 68.5 per 
improvement was noted. 

Orthodo.v Treat incut . — Hipps and Croo 
in presenting the aforementioned 88 pati 
give in detail the early tj-pe of treatment g 
the patients brought to the hospital soon i 
onset of tlie disease and given treatment ui 
water immediately. This treatment consi 
in immersing tlie patient in a pool supplied 
flowing hot salt wells and kept constanth 
a temperature of 98.6 F. The child was car 
to the pool on a canvas stretcher and suppo 
in the pool by this stretcher. Gentle ui 
water massage was given the muscles ur 
soreness was too intense. As soon as the s 
ness began to disappear and the child felt 
he could or wanted to try movement, a phys 
therapeutist assisted him in the arc of mot 
Actual muscle reeducation was started as s 
as soreness and articular limitation permittee 

Toomey and Kohn report results of tr 
ment of 226 patients during tlie years 1 
and 1942. They present a program of e; 
care that Toomey has used for many ye 
The\- make the statement that patients shn 
not walk unless they walk correctly, that 
sj-nchronously and against gravitv without ; 
limp and without any added jerkdng movem 
that would denote substitution of muse 
Orthopedic devices should be used to sujij. 
muscles and coordinate movement when the 
tient becomes active. They further say th.it 
“percentage of patients who will be referred 
orthopedic surgeons in the future will be j 
about the same as in the past, but the jiatie 
will be in a better condition to profit by orll 
pedic aid." 

Key"" outlines his concept of treatment 
infantile paralysis during the acute stage, 
stage of tenderness and contracture, the a 
valescent stage and the chronic ■^tage. 1 
treatment is es.-entialiy good ,-upj>'<rtive _ c, 
during the acute stage and protection o: 


297. J .A-, .'n'! K'hr.. P. A-- V; 

Rt-i'Afi of Trcatrr-'.-m Vr.rire .-.cet' t-l 
D.--C2.W-. .Ani. f. D;--. O-;:-: C7:,"o-.'99 
2'F. Key. J. A i Th- Tro-.t.-'r; -f Ir'.v 
\‘:=. J. 41:7'>-73 / I 
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iuvolvcd segments i)y immobilization inKspIints 
or casts in a neutral position during theastage^- 
of tenderness or contracture. In order to pre- 
vent stillness, the splints and casts are removed 
once or twice a day and the joints luoved pas- 
sively through as great an arc as can he tolerated 
by the patient. In the convalescent . stage, 
splints or casts arc removed and the patient is 
encouraged to move about in bed and c.xcrcisc 
bis limbs in, order to loosen up the muscles and 
joints. Once or twice a day he is placed in 
a tub of warm water and the paralyzed limbs 
are exercised. Muscle training preferably is 
carried out by skilled physical therapeutists, but 
the mother or a nurse may he taught to carry 
on the prescribed treatment for a given patient 
in a satisfactory manner. In the chronic stage, 
ortliopedic apparatus is used to prevent deformi- 
ties and improve function of parah'zed segments. 
Key states: . 

This is the ortliodox treatment and when it is prop- 
erly carried loiit approximately SO per cent ot the pa- 
tients, who develop infantile paralysis during an epi- 
demic may be expected to recover to a point at which 
tnev are norma! or practically normal. .About 20 per 
cent will be crippled permanently to a triable degree, 
but only about 1 per cent will be crippled so severely 
that they will become wheel chair cases. 

These figures are from three recent epidemics. 
Key also states that he does not approve of the 
Kenny method and enumerates sixteen reasons 
tvhy he does not. 

Scott and Rountree report on 46 cases 
"hich occurred during the period from jMarch 
to November 1941. Thirty-nine patients had 
or contracted paralysis shortly after admission 
to the hospital. Thomas splints and Bradford 
iranies were used for all patients. At the end 
01 two years, accurate follow-up studies were 
™2de on 39 of the 46 patients. There were 3 
('■7 per cent) deaths. Nine patients (23 per 
made a complete recovery. Twelve (30.7 
Percent) were released from treatment, and 15 
(38.4 per cent) were still under treatment. Of 
*^10 12 released from treatment, 7 were able to 
"■alk without appliances, 3 were able to walk 
^'Ih appliances and 2 were unable to walk. 

^ the 15 still under treatment, S were able to 
^2lk without appliances and 3 with appliances 
4 were unable to walk. “The results of the 
loatments used are not encouraging.” 

Kenny Method of Treatment. — O’Connor 
the h istory of the Kenny method, out- 

Fo-?' 1-'^°“’ Rountree, G. R. : -A Study of 

1 S 5 I'o. ^ Cases of Poliomvelitis, Kentucky- AI. J. 42: 

(June) 1944. 

A ,5 Connor, B. : The Story of the Kenny Method, 

■ Fhys. Therapy 25:2oI-234 (.April) 1944. 


an 

lining) the. aidrgivcir.to' Kenny.'By- the; National; 
Fquiidation for Infaatile:Paral\:sis, J, no:. . 

.■.Kenny "'■’•■.-presents- andt absirofs .twbl "ques- 
tions: -first, concerning ;her;tconcept .6f..the, dis- 
ease. acute anterior poliomyelitis, andr. second, 
concerning., the treatmeirt for this concept. As 
evidence of the value of her treatment over 
“orthodox treatment,” she presents first the re- 
port of ^IcCarroll {J. A. M. A.- 120:517-519 
[Oct. 17] 1942) and contrasts this report witli 
that of Bingham (J. Bone & Joint Siirg. 25: 
647-650 [July] 1943). Kenny feels that her 
answers given in the latter article substantiate 
the claim that her contribution is not a treat- 
ment for recognized symptoms but an entirely 
new concept of the disease itself. 

Knapp presents his obseiwations on the 
symptoms and treatment of poliomyelitis. He 
makes the statement that “Muscle shortening 
is a positive entity in infantile paralysis and is 
an important factor in the. final function end- 
result.” He states that “ 'mental alienation’, is 
probably only a minor factor in infantile paraly- 
sis and is probably not psychologic in origin 
as thought by Miss Kenny.” Maximum efficiency 
of muscle function within the limits imposed 
on it by denen-ation is the aim of treatment and 
the explanation for the good results obtained. 

[Ed. Note. — Dr. Knapp in this articie pre- 
sents his own opinion of the symptoms and 
treatment. It is worth while to read of this 
treatment and the article of Kenny mentioned. 
As is well known, Kenny and Knapp have 
worked together since Kenny’s first visit to the 
United States, in 1940.] 

Ghormlej- and colleagues present a report 
of the committee for the investigation of the 
Kenny treatment of poliomyelitis, following , a 
resolution passed by the Section on Orthopedic 
Surgerj- of the American Medical Association. 
This committee visited a total of six cities and 
sixteen clinics. A total of approximately 740 
patients were examined. -Approximately 650 of 
these patients had been treated by the method 
advocated by jMiss Kennj'. The report discusses 
four major points of the concept of the disease 
and outlines the major points of the Kenny 
treatment. Each of the points outlined was 

301. Kenny, E. : Kenny Treatment of Poliomyelitis. 
Proc. Interst. Postgrad. AL .A. North .America (1942). 
1943, pp. 312-316. 

302. Knapp. AI. E. : Observations on Infantile Paral- 
ysis, Journal-Lancet 64:164-168 (Alay) 1944. 

303. Ghormley, R. K., and others: Evaluation of the 
Kenny Treatment of Infantile Paralysis, J. A. AI. .A. 
125:466-}69 (June 17) 1944; Evaluation of the Kenny 
Treatment of Infantile Paralysis, Arch. Phys. Therapy 
25:413-420 (.Tuly) 1944. 
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analyzed and discussed. Outstanding in the final 
comments of the. committee are the following: 

1. “Miss Kenny’s objection to muscle exam- 
ination and hence the lack of accurate records 
is to be condemned.” 

2. Miss Kenny’s statement that under ortho- 
dox treatment only 13 per cent of the patients 
recovered without paralysis while under the 
Kenny method over 80 per cent recovered is a 
“deliberate misrepresentation of the facts of 
treatment by other methods.” 

3. The Kenny method “does not prevent or 
even minimize the degree of permanent pa- 
ralysis.” 

4. The claim by many of those who have used 
the Kenny method that all paral 3 dic scoliosis can 
be prevented is open to question, because several 
more years must elapse before any final con- 
clusions can be reached with regard to ameliora- 
tion or prevention of paralytic scoliosis by means 
of the Kenny method. 

5. The committee acknowledges that the wide 
publicity pertaining to the Kenny method has 
stimulated the medical profession to reevaluate 
known methods of treatment of this disease and 
to treat ,it more effectively. 

Gill presents an interpretation of the Kenny 
concept and treatment of infantile paralysis. He 
makes this statement: 


Barnett®'’® reports on the treatment of 1 
patients during the epidemic in Sonomo Cour 
Calif. There was no note of division of pafie 
according to the various types of poliomyeli 
but the conclusion was made that all but 8 i 
cent of the patients were eventually function: 
normal or nearly so and only 2 per cent w 
seriously involved. The claim is made i 
patients were more comfortable after two wei 
of the disease and better physically with t 
type of treatment than patients after three mon 
with the old type of therapj'. 

Horan ®‘’‘ outlines the Kenny treatment ! 
gives no results. He makes the statement tl 
the Kennj’ treatment requires much more wc 
than the orthodox. With the older type of tre 
ment, one nurse could easily care for 5 to 
patients, but the “Kenny method requires 4 tc 
nurses to look after one patient,” 

Frankel reports on a j'ear’s obsen’ation 
6 cases. He makes the statement, "If it [Ken 
method] only offers the patients greater comfc 
than the Orthodox therapy and does no harm, 
in worthwhile.” 

Yount outlines the Kenny method but i 
results of the treatment are given. She di 
cusses the Kenny concept in detail, 
Bohnengel discusses the psychobiologic fa 
tors in the care of poliomyelitis in the past ar 
present. He makes the following statement: 


It is erident, therefore, that the Kenny methods of 
treatment are very similar to the ortbodo.x methods, and 
in many particulars identical with them in spite of the 
different terminology employed by Miss Kenny. The 
statement that the two methods have nothing in com- 
mon displays an ignorance of the orthodo.x methods. 

In general. Gill points out, what is new in the 
Kenny methods is not particularly good and 
what is good is not particularly new. ‘ 

Ransohoff®®® presents results in 33 cases oc- 
curring in the epidemic of 1942 and observed 
through June 1943. In this series of cases, there 
were 4 (12.1 per cent) deaths; in 1 case (3.3 per 
cent) there was no follow-up; 7 patients (21.2 
per cent) had severe residual paraij'sis, and 
12 (39.3 per cent) were “completelv cured.” 
Thus. 21 patients (63.5 per cent) returned to 
normal or were without functional handicap. 
Ransohoff makes the statement that the cost of 
the Kenny treatment is “tremendous” and is 
"five times as expensive as the orthodox.” 

30-f. Gill, -A. B. : The Kenny Concept and Treat- 
ment of Infantile Paralysis, J. Bone S: Joint Snrg. 26: 
S7-9S (Jan.) 1944. 

303. Ransohoff, X. S. : Experiences with the Kenny 
Treatment for Acute Poliomyelitis in the Epidemic of 
3942, ^fonmouth and Ocean Counties, Xew Jersey, J. 
Bone &■ Joint Surg. 26:99-102 (Jan.) 3944. 


The crux of the whole controversy over the Kent 
concept lies in the fact that one group of observer 
principally the Minneapolis group, is using psychobii 
logic methods of observation, experimentation .ir 
treatment and therefore brings into view only thoi 
phenomena which exist at the psychobiologic level ( 
organismic integration. The other group, using moi 
purely physical methods of study, brings into its ficl 
of vision only those phenomena which exist at th 
anatomic-physiologic level of organismic integratiw 
Both groups tend to lose sight of the fact that the tw 
symptoms may be coexistent not only in the saruc irvl 
vidual but in the same muscle. 


Combined Forms oj Treatment. Boines 
reports on the use of neostigmine and a modi 


306. Barnett, E. D. ; Recapitulation on One I oli. 
Siege with Some Xotes on Hot P.rcl.- Tlicrai-y. Ht.s 
pitals 18:39-41 (Sept.) 1944. 

307. Horan. )V. A.: Kenny Treatment or Pobon.ye 
litis. Rhode Island ^(. J. 27:16-18 (Jan.) 1944. 

30S. Frankel. C. J.: The Kenny Treatment for In 
fanlilc P.araly5is-A Year’s Oh^crvntron of Six Ca-c 
Virginia .M. .\ronthly 71:79-80 (Feb.) 19-.4. 

m Yount P.: Xew Developments in the .'’tmly O' 

PofmyduL,’ Ariroma .M. J. I:61.« (Marcb-.Aprrl) 

Bohnengel, C: Psychobiokr.ric 
Kennv Concept oi Irrfantile Paralysrs. Arch. I h,s. TI... 
ipv 25:330-3:6 (June) 1944. _ 

333 Boines G. J.: The Use of Prost.gmrne arv! a 

nyelitis. J. Pedrat. 25:414-433 (^ov.) 1944. 
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;d Kenny technic. Of the 21 cases, there were 
)od to excellent end results in all. The modi- 
ation of the Kenny technic consisted in the 
fminatfon of hot packs and the substitution of 
BStiginine, usually orally but occasionally pa- 
nterally as well. Xo change was made in the 
iual methods of muscle reeducation of or in 
e passive joint movement procedure. He states, 
Approximately 75 per cent of patients with 
■)!iomyelitis can be adequately cared for at home 
ithout special nursing attention with this tech- 
que." Boines also urges the extension of this 
'ethod of therapy especially in chronic cases. 
- McFarland and colleagues make a prelim- 


aiy report of a series of 74 selected cases in 
hich neurotripsy was combined with the Kenny 
eatment. In 25 of these cases neurotripsy was 
■one while the Kenny treatment was being given 
I the acute stage, and in 49 cases of long- 
ending residual paresis neurotripsy also was 
one in combination with the Kenny method, 
'"he rationale of neurotripsy is the fact that in 
^owth after ner\’e interruption there is an 
acreased branching. The authors present an 
outline of the procedure, which is done with 
■;oneral or spinal anesthesia unth the objective 
J breaking as many branches of the remaining 
motor ner\'e axons as possible. The technic 
•4 to knead through the muscle Hgorously and 
'keply -with a blunt instrument. The muscle 
covered thoroughly throughout its entire ex- 
4ent. There has been a rather consistent increase 
circulation in the involved segments, and an 
•iiiCTease in muscle size is a "frequent result.” 
,t®provement in muscle strength occurred in 
. °'cr one half of one hundred and thirty muscle 
‘Scoups studied. "The results are encouraging.” 
• _ I'liley presents a preliminarj'- report on 
.^8 cases in which the Knott technic of ultra- 
irradiation of blood was used in addition 
*0 the Kenny treatment. There were no harm- 
/ * . effects in this series of cases. This technic 
,• '0 not interfere with the Kenny routines. No 
i^ttempt was made to evaluate the ultimate end 
Aj*C5ults for these patients, but it is iMiley’s con- 
' that further extensive clinical studies 

this combination of treatments is war- 

ranted. 


discusses the present status of poKo- 
'^2 ^itis- R egarding treatment, he says that hot 

VG.^V J. W.; Billig. H. E., Jr.; Taylor. 

' "■ith Eail, C. W. : Kenny Treatment Combined 

Tn. ®nrotrip3}- in Care of Poliomvelitis, .-^rch. Phys. 
r T,?P(,25.-«S-6S0 (Nov.) 1944. ' 

apv ; G.; Ultraviolet Blood Irradiation Ther- 

631 Poliomvelitis, Arch. Phvs. Therapy 25: 

3,7 f^ov.) 1944.' 

Statue r Poliomvelitis: Its Present 

’ ^bfomia & West. Med. 60:18-21 (Jan.) 1944. 


packs during the stage of spasm followed by 
muscle reeducation offer the most help in the 
acute stages. 

Compere outlines the management and care 
of patients with infantile paralysis. He states 
that his own observation led to the conclusion 
that the earlier the program of treatment of 
peripheral manifestations is done the better are 
the end results. Microscopic sections of muscles 
that are in spasm show a picture of pathologic 
congestion. This congestion may be relieved by 
hot packs, passive motion and active exercise. 
He further concludes that the number of patients 
who will require surgical intervention ma)' be as 
large as that of the patients who have received 
other tjpes of treatment but that the patients 
given treatment by hot packing, early activity, 
exercises and good physical therapy will be in 
better condition generally and will thus obtain 
greater profit from the efforts of the orthopedic 
surgeon. 

Wright presents problems encountered in 
the early treatment of poliomyelitis. She states 
that Kenny has made a valuable contribution 
but that one will continue to use to advantage 
the Silver method of the prevention of stasis of 
the circulation by special postural measures in 
bed, the Lovett-Merrill method of muscle test- 
ing, the Kendall percentage grading, the Low- 
man under water reeducation and the light, ef- 
ficient supports when indicated. In a second 
article, Wright outlines a reasonable program 
of treatment for acute poliomyelitis. She notes 
that “treatment can not be by one method only 
but must meet the needs of each case.” 

Wolf,®'® in discussing the clinical aspects of 
poliomyelitis, states that “when a patient wth 
pure bulbar poliomyelitis is placed in a respirator 
it can be seen that more harm than good results. 
The patient breathes with the machine at times 
and against it at others. The use of the respir- 
ator under these conditions may be extremely 
harmful.” 

Thompson discusses the Kenny method and 
correlates a program of occupational therapy 
combined with the Kenny method. 

315. Compere. E. L. : Management and Care of the 
Infantile Paralvsis Patient, .Arch. Phys. Therapy 24: 
709-712 (Dec.)' 1943. 

316. Wright, J. : Problems in Early Treatment of 
Poliomvelitis. New Aork State J. Aled. 44:6/-/2 
(Jan. l') 1944. 

317. Wright, J. : Reasonable Treatment of Acute 
Poliomvelitis. Pub. Health Nursing 36:510-515 (Oct.) 
1944. 

318. Wolf, A. M. : Symposium on the Alanagement 
of Poliomvelitis, -Am. J- Dis. Child. 67:332-334 (.April) 
1944. 

(Footnotes cOf.tinued on next page) 
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: Add,itional Reports Bearing on Treatment . — 
Kabat and /Knapp present the- “internuncial 
cell theory” of the mechanism of muscle, spasm. 
The}/ {3i^cpf?..niuscle spasm in .detail and present 
evidence- to support thei;theor_v that the patho- 
logic basis of muscle spasm in poliomyelitis is 
a lesion of internuncial neurons in the gray 
matter of the spinal cord. With damage to 
these cells, the muscle spasm is produced as a 
result of the release of proprioceptive reflexes 
from inhibition. The}/ support this theory by 
animal experimentation, by the study of patho- 
logic changes in the spinal cord in 68 cases 
of poliomyelitis in human beings, by measure- 
ment of chronaxia of muscles in 14 patients and 
b}/ die use of neostigmine acting on the spinal 
cord to inhibit proprioceptive reflexes. 

Bouman and Schrvartz discuss muscle 
spasm 1 and demonstrate its existence b}' means 
of action currents. The}/ state that the motor 
neuron receives three separate groups of im- 
pulses : ( I ) impulses which give rise to volun- 
tar)/ contraction inhibitory impulses, and 

(■3.) !. excitatory impulses from the reflex arcs. 
The}/ feel that if onl}' the excitability to inhibi- 
tory impulses is gone the motor unit innervated 
by the particular neuron will show spasticity but 
norjdecrease in /voluntary function. If both the 
inhibitory and the voluntary impulses are no 
longer able -to excite the motor neuron, spasticity 
will be present, while the muscles will show 
decreased function^ and, finally, when all motor 
neurons have lost the excitability to all three 
tj'pes of impulses both voluntar}/ contraction 
and spasticity of muscles will disappear. 

Schwartz and colleagues present the etiol- 
ogy, pathogenesis and significance of muscle 
spasm in acute poliomyelitis, to bring out the 
fact that evidence of spasticity has been recorded 
from (a) weakened muscles; (b) antagonists of 
weakened muscles, and (c) muscles which exhibit 
no clinical or other evidence of weakness. They 
feel that spasticit}/ and weakening are rvo sepa- 
rate phenomena, each dependent on specific dis- 
turbances of the anterior horn cells. They fur- 
ther feel that there is every indication that 

319. Thompson, C. G. : Occupational Therapy and 
the Kenny Method, Occup. Therapy 22:270-273 (Dec.) 
1943. 

320. Kabat, H., and Knapp, M. E. ; The Mechanism 
of Muscle Spasm in Poliomyelitis, J. Pediat. 24:123- 
137 (Feb.) 1944. 

321. Bouman, H. D., and Schivartr. R. P.: The 
Degree, the Extent and the Jfechanism of Muscle 
Spasm in Infantile Paralysis, Ketv York State J, Med. 
44:147-153 (Jan. 15) 1944. 

322. Schwartz, R. P. t Bouman, H. D., and Smith, 
\V. K.: The Significance of Muscle Spasm. J. -M M. 
126:695-702 (Xov. II) 1944. 


spasm runs its course like other clinical mani- 
festations of the disease. 

. Moldaver,^^^ in an analysis of the neurom: 
cular disorders in: poliomyelitis, brings;.out i 
fact that paralytic, and ..paretic muscles; -cal 
“alienated” under the Kenny concept of the d 
ease, always show some degree of neuromuscu 
degeneration. The extent of this degenerati 
can be shown by chronaxia determinations, 
is- his opinion that there are three major caui 
of spasm; (1) meningeal irritation; (2) sho 
ening of uninvolved antagonistic muscles, a 
(3) inflammation of the posterior root ganglioi 

McFarland and Graves outline a metli 
of recording muscle spasm in the acute sta 
of infantile parah’sis and the degree of tightni 
or contracture present in the convalescent stat 

Gurewitsch and O’Neill analj’ze, a gro 
of 513 children between the ages of 4 and 
3 ’ears. These children were given five simj 
flexibilit}/ tests. The performances were foui 
to vary widely. The authors emphasize fh 
constitution, heredity and sex are factors 
normal flexibility, and they suggest that cauti( 
be used in the interpretation of limited flexibili 
encountered in patients during convalesce 
stages of poliomyelitis. 

Hall and colleagues^”" state that hot pad 
applied to muscles temporarih' decrease the powi 
of voluntary contraction about 10 per cent. 

Stevenson discusses the problem of pub! 
health nursing as it was denwnstrated in tl: 
1943 epidemic of poliomyelitis. 

Draper presents a statewide emergenc}' pla 
to care for an epidemic of poliom 3 'e}itis. Thi 
plan includes an educational program stressin; 
the need for early care and the essential team 
work of physician, nurse and physical therap, 
technician. She presents a preliminary repor 
of results obtained in 87 cases under this plan 
Fifty per cent of the patients returned to norma 


123. Moldaver, J.: Analysis. of Neuromuscular Dis 
lers in Poliomvclitis, J. Bone & Joint Snrg. 26.10- 
' (Jan.) 1944.' 

124. itcFarland, J. W., and Graves, D. A. ; Polio 

elitis: Grading of Spasm m Infantile Paralysi 

ch. Phys. Therapy 25 : 353-556 (Sept.) 1944. 

125. Gurewitsch, A. D., and O’Neill, 

ty of Healthy aildren. Arch. Phys. Thcrapj 25, 
-221 (April) 1944. 

26. Hall. V. E.; Schamp, H, M.; Brown, C. E., am 
vis M. N.‘. Effect of Kenny Fomentation on In- 
ength of t'^oluntary Muscular ConfraeWre in ■ 
•h^Phvs. Therapy 25:96-99 (Feb.) 1944. 

27. Stevenson. J. L.: Public pajth ^ thr 

3 Polio Epidemic. Pub. Health Nursing 36.336-13. 

ilv) 1944. . . 

2k Draper, E.: An Emergency Plan m llmh l^ 
;ncc Poliomyelitis, Physiotherapy Re:. 2J.>/-' 
ay-Jiinc) 1944. 



PROGRESS IN ORTHOPEDIC SURGERY 


315 


occupation; 14 per cent obtained good results 
but have not yet returned to normal aetivity; 
14 per eent obtained fair results, witli no com- 
plete paralysis but with definite weakness, and 
22 per eent bad a residual definite loss of one 
or more muscle groups. 

Poebler outlines an ideal set-up for the 
treatment of poliomyelitis following the remodel- 
ing of “Sheltering Arms" in Minneapolis. She 
stresses the fact that patients during the con- 
valescent stage of poliomyelitis are not siek in 

329. Poehlcr, J. A. : Remodeled for ."Polio” Pa- 
tients. Mod. Hosp. 62:58-60 (Jan.) 1944. 


the sense that the word is usually understood 
and should not be treated in hospitals planned 
and maintained for acutely ill persons. 

Gudakunst discusses the problem of in- 
fantile paralysis, setting forth the gains made in 
the handling and treatment of patients. He 
brings out the purpose and seopc of the work 
of The Xational Foundation for Infantile Paraly- 
sis,' Inc. • ' - 

330. Gudakunst, D. \V. : Fighting Infantile Paral- 
ysis, Survey 80:254-256 (Sept.) 1944; Facing the 
Future in the Fight Against Infantile Paralysis, J. 
Health & Phys. Educ. 15: 258 (May) 1944. 


XII. XEUROMUSCCLAR DISORDERS EXCLUSIVE OF POLIOMYELITIS 
PREP.^RED BV WIKTIIROP >t. PHELPS, M.D., BALTIMORE 


During, 1943 there was an increase in the 
volume of literature dealing with neuromuscular 
disorders. This is especially interesting in view 
of the pronounced decrease of the v'ear before. 
The distribution of the material has changed 
only slightly. That referring to cerebral palsy 
has increased the most, and the articles on 
peripheral paralysis and surgery are close 
seconds. The papers dealing with pure research 
. in the field are still scarce. 

The material can be considered under nine 
<^e{ headings, which are as follows ; ( 1 ) cere- 
; hral palsy, (2) peripheral paralysis, (3) myop- 
athies, (4) ataxia, (5) neuralgia, (6) diagnostic 
procedures, (7) surgery, (S) vitamins and (9) 
drugs. 


Cerebral Palsy. — A paper by Lucksch 
dperibes 2 cases, brought to autopsy, of tlie 
■ disease previously called “cerebral infantile 
parah'sis.” Lucksch suggests that the designa- 
hon be changed to “encephalopathia infantum.’’ 
Ihe change, he feels, is more descriptive of con- 
'tions obser\-ed and yet is not specifically a 
ascription of a disease entity. [Ed. Note. — 
fs an anatomic title whereas the usual term 
^cerebral palsy” is a descriptive one, and the 
®ner, of course, is much more in keeping with 
• American custom.] . 

tb has written an interesting paper on 

^ e study of 86 patients with cerebral palsy. He 
f the average age of the modier at the 

' Xhi affected child is greater than 

, found in the general population. The 
- children tend to have a later ordinal 


ot Description of Two Autops 3 ' Cases 

D'anein'L n Paralysis,” with Suggestion for 

Pwri.- J” ^®^'SU3tion to “Encephalopathia Infantum,” 

33 " ''"chnschr. 45:137 (May 22) 1943. 

Etiologj- of Congenital PalsA-: 
Uan.) Clinical Study, J. 


Pediat. 24:38^5 


birth rank than would be normally expected. 
[Ed. Note. — This might be expected in view of 
the recent observations in regard to the Rh 
factor.] He also finds that the incidence of 
mental deficiency in the nonaffected siblings is 
greater than would be expected from random 
selection. He finds an unusually high inddence 
of associated physical defects, especially those 
involving the eyes. [Ed. Note. — In my experi- 
ence, this is also true of hearing defects.] 
Yannet feels that this points to the importance 
of developmental cerebral malformations in ’the 
causation of cerebral palsy. 

Phelps describes the treatment of various 
types of cerebral palsy in some detail and empha- 
sizes the need for proper classification of the 
individual cases in order to carry out differential 
treatment. 

Salisbury draws attention to the increased 
interest in cerebral palsy throughout the country 
and the greater number of cases encountered in 
the clinics and in private practice and empha- 
sizes the great need for a national foundation 
for this condition, since it is as frequent in 
distribution as poliomyelitis. 

Arieff and Kaplan describe cerebellar ataxia 
associated with cerebral signs. This is, of course, 
not commonly seen, but it is well to bear in mind 
the complications of neurologic changes which 
may occur. 

Welch and Kennard describe flaccid paraly- 
sis in relation to the cerebral cortex. This is 

333. Phelps, tV. M. : Symposium on Orthopaedic 
Surgery: Treatment of Cerebral Palsies, Clinics 2:981- 
991 (Dec.) 1943. 

334. Salisbury. P. A. : Needed — National Foundation 
for Cerebral Palsy, Hospitals 18:50-53 (.April) 1944. 

335. Arieff, .A. J., and Kaplan, L. A.: Cerebellar 
Type of -Ata-via .Associated -ndth Cerebral Signs, J. Nerv. 
&'Ment. Dis. 100:135-141 (Aug.) 1944. 

(Footnotes continued on next foge) 
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important and was described some years ago by 
other investigators, in both the experimental and 
the clinical, fields. ,, The. combination of...spastic 
and fiaccid paralysis does occur in many instances 
and is of cortical origin. 

Thiebaut®’" describes spastic paral 3 'sis asso- 
ciated with xanthomas of tendons and describes 
the relationship of this syndrome to cerebrospinal 
cholesterinosis. The cerebral changes are impor- 
tant to bear in mind in anj’- cases of xanthoma. 

A number of articles have appeared this year 
on various types of treatment of the cerebral 
palsies. 

Sidler speaks of the general plan of therap}' 
for children and goes into some detail with 
regard to methods. 

Frank writes concerning the advantages and 
the usefulness of occupational therapy for chil- 
dren with cerebral palsy, and Mason describes 
speech rehabilitation in such cases. 

Teza writes concerning the motor reeduca- 
tion in these cases as it is being carried out in 
Argentina. 

Peripheral Paralysis. — Chavany describes a 
post-traumatic neurologic s}mdrome with in- 
creasing atrophy and fibrillary contractions, 
which is of interest because of its traumatic 
origin. 

Denny-Brown and Brenner discuss paraty- 
sis produced bj- pressure and tourniquets in an 
article on the subject, with much more careful 
experimentation. They conclude that there is 
great variation of the rate of impairment of in- 
duction with variations in pressure and that the 
relationship is an expression of corresponding 
relative degrees of ischemia and not direct con- 
sequence of pressure on nen-e fibers. Thej' 


describe in detail the microscopic histologic 
changes which occur bj' various staining meth- 
ods. They conclude that from the eridence 
presented atrophy of a paralyzed muscle appears 
to be prevented by anatomic connection with the 
motor neuron in the absence of nerve impulse 

Dunning®** reports a case of injur)- to tl 
peroneal nen^e (with foot drop) due to crossir 
the legs and points out that this habit may cau; 
injury- to the nerve. [Ed. Note. — It does ni 
seem as if the danger is especially great unle; 
there is some other complication in the blood c 
the ner%-e supply, since this practice is certain! 
almost universal.] 

Lewin ®*° and Laird and Mueller ®*° also cor 
sider peroneal paralysis but from different cause 
The former considers that it is a definite pressur 
palsy (of the lateral popliteal ner%-e)' in th 
paralyzed limb, while the latter authors describ 
it as a “bombardier’s palsy.” 

Connell ®*' describes a case of paralysis whid 
appears to have resulted from the use of dinitro 
toluene. The patient was treated by rest in be( 
and made a gradual partial recover)-. The aufho 
cites other cases of the same t)-pe which havi 
been observed and which resulted in death. 

MacKeith ®*® describes paralysis of the extrem 
ities due to polyarthritis nodosa and Love anc 
Horton ®*^ an ulnar paralysis due to arterio' 
venous fistula. 

Myopathies. — "Laha considers the question 
of myatonia congenita (a subject on whicli littk 
has been written in the last few years). 

Shank, Gilder and Hoagland®'* review 40 
cases of progressi\-e dystrophy with regard to 
the changes that occur in various stages of the 
disease and the age distribution and the onset. 


336. Welch, W. K., and Kennard, M. A. : Relation 
of Cerebral Corte.x to Spasticity and Flaccidity, J. 
Neurophysiol. 7:2SS-26S (Sept.) 1944. 

337. Thiebaut, F. ; Spastic Paraplegia Associated 
with Xanthomas of Tendons; Relation of This Syn- 
drome to Cerebrospinal Cholesterinosis, Rev. neurol. 
74:313-315 (Nov.-Dee.) 1942. 

338. Sidler. A.: Therapy of Spastic Paralysis in 
Children, Praxis 33:261-264 (April 20) 1944. 

339. Frank, C. ; Occupational Therapy for Chil- 
dren with Cerebral Palsy, Occup. Therapy 23:103-114 
(June) 1944. 

340. Mason, M. K.: Speech Rehabilitation, Physio- 
therapy Rev. 23:237-242 (Nov.-Dee.) 1943. 

341. Teza, A.: Kinesitherapy of Little’s Disease; 
Motor Education, Arch, argent, de pediat. 21:181-186 
(Feb.) 1944. 

342. Chavany, J. A.: Post-Traumatic Neurologic 
Svndrome; Extensively Progressive Amyotrophy witli 
Secondary Paralysis and Fibrillary Contractions, Presse 
med. 50:347 (May 10) 1942. 

343. Denny-Brown, D., and Brenner, C. : Paralysis 
of Nerve Induced by Direct Pressure and by Tour- 
niquet, Arch. Neurol. & Psychiat. 51:1-26 Gan.) 1944. 


344. Dunm’ng, H. S.: Injury to Peroneal Nen-e 
(with Foot Drop) Due to Crossing the Legs, -Arrii 
Neurol. & Psychiat. 51:179-181 (Feb.) 1944. 

345. Lewin, W.: Pressure Palsy (of Lateral Pophtai 

Nerve) in Paralvzed Limb, Lancet 2:7a6-7a8 (Dec. lb) 
1943. , .. , 

346. Laird, G. J., and Mueller, M. T- : bombardier s 

Paisv, .Air Surgeon’s Bull. (no. 9) 1:19 f^e^) • 

347. Connell, E. D.: Paralysis from 
Poisoning (Probably Dinitrotoluenc) : Case, Memphis 
M. J. 19:59-60 (April) 1944. 

348. MacKeith, R.: Localized Edern 

with Weakness of Limb Musete; Sjmdrome ^ 
Polyarthritis Nodosa, Brit. M. J. 1:139-142 (Jan. SJ) 
1944 

349. Love, J. G., and Horton, b- A: bar^pn 
Ulnar Nerve Due to Arteriovenous Fistula Proc. SU 
Meet., Mayo Clin. 19:441-444 (Aug. 2A 9«- 

330. Laha, P. N.: 13 V’az Voct 1 

trative Case Note, J. Indian M. A. 13.20-2 (OcU 

^^Sl. Shank. R. E.: Gilder, H., and 

Progressive D vstrophy : Chnical R^ew m Fortj C - 

Arch. Neurol. & Psychiat. 52:431-4-t_ (Dec.) 
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They discuss the j)revious methods of treatment, 
including amino acids, vitamins, glandular prepa- 
rations and other agents. They report extensive 
studies of basal metabolic rates, tolerance tests, 
and other aspects of the disease. Their study 
of the distribution shows the definite hereditary- 
nature of the condition. 

Mackay presents an interesting case of 
dystrophy and the status of treatment at the 
present time. The particular type which he 
describes is the Charcot-Marie-Tooth type. 

Schwartz also describes the various effects 
of progressive neuropathic (peroneal) muscular 
atrophy (Charcot-Marie-Tooth disease), pointing 
out the inheritance factors as well as the clinical 
observ-ations. 

Ataxia. — Brugsch and Hauptmann describe 
an interesting combination of Friedreich’s ata.xia 
i in combination with neuropathic (peroneal) mus- 
, cular atrophy (Charcot-Marie-Tooth disease). 

' A'curalffia. — Doupe, Cullen and Chance dis- 

cuss the causalgic type of pain that is found in 
, post-traumatic neuralgia. 

Diagnostic Procedures . — There has been con- 
siderable work done in electromyographic study- 
on the various forms of nerve-muscle distur- 
. bances in the last few years. 

' Brazier, Watkins and Schwab illustrate the 
difference in various types of poly-neuritis and 
poliomyelitis with regard to electromyographic 
records. 

Hoefer and Guttman have made extensive 
electromyographic studies to determine the level 
of spinal cord lesions. Thev present the results 
m 24 cases and conclude that motor unit dis- 
charges recorded from the relaxed muscles may 
indicate the level of a lesion of the spinal cord, 
even in the absence of clinical manifestations 
suggestive of involvement of the anterior horn 

^^2. Mackay, R. P. ; Progressive Muscular D\-stro- 
Fjy. Proc. Interst. Postgrad. M. A. North America 
1944, pp. 88-91. 

T t. ^chtt-artz, L. A. : Clinical, Histopathologic and 
™eritance Factors in Peroneal Muscular .Atrophy 
ccot-Marie-Tooth T^-pe), T. Michigan M. Soc. 43: 
219-230 (Alarch) 1944. ' 

Beugseh, H. G., and Hauptmann. A. : Familial 
ccurrence of Friedreich’s Ataxia with Charcot-AIarie- 
■y Neural Muscular Atrophv, Bull. New England 

_Center 6:42-48 (Feb.) 1944. 

4 Doupe, J.; Cullen. C. H., and Chance, G. Q.; 

ost-Traumatic Pain and Causalgic S^-ndrome, J. Neu- 
C.^^'eurosurg. & Psychiat. 7:33-48 (Jan.-.April) 1944. 
■' Brazier, M. A. B.; Watkins, A. L., and Schwab, 

Electromyographic Studies of Muscle Dysfunc- 
Infectious Poh-neuritis and Poliomyelitis, New 
"gland J. yied. 230:'lS5-lS9 (Feb. 17) 1944. 

Hoefer, P. F-. A., and Guttman, S. A.; Electro- 
j as Method for Determination of Level of 

4,r'?2? Spinal Cord, Arch. Neurol. & Psychiat. 51: 

■ ■’*=-422 (May) 1944 


cells or motor roots. In 17 of 24 cases the lesion 
was satisfactorily- localized, and in the others 
fairly dose localization was obtained ; false local- 
ization was obtained in only' 2 cases. 

De Jong has devised an instrument for 
electrical e.xamination and treatment of periph- 
eral ner\-es, which is a small light unit and 
accomplishes many purposes by virtue of features 
usually- not combined in a single instrument. 

Pollock and others have studied denerv-ated 
muscles with various amperages of current and 
noted the changes which occur when regenera- 
tion is taking place. 

Licht has formulated an outline of electro- 
diagnosis of neuromuscular disease for the army. 

Surgery . — Cerebral Palsy: Chandler de- 
scribed the surgical procedures which are in 
present use for correcting deformities of spastic 
paralysis and the indications for and the various 
results obtained by- the different operations. 

Peripheral Ner\-e: Schulze^®- has described a 
method of operation for correcting the de- 
formities due to paraly-sis of the trapezius 
muscle. 

Huguier and Xardi have corrected the 
paralysis of the arm due to stretching of the 
brachial plexus by an injury-. They have carried 
out this by a combination of arthrodesis of the 
shoulder and wrist and transplantation of the 
tendon. The results have been satisfactory func- 
tion in the arm for considerable usefulness. 

Weiss ”®'‘ has devised technics for the union of 
severed nerves without sutures, by the use of 
tantalum cuffs. 

338. de Jong. H. : Simplification of Method of Elec- 
trical Examination and Therapv of Nerves and Muscles. 
North Carolina M. J. 5:91-92 ’(March) 1944. 

359. Pollock, L. J., and others : Electrodiagnosis by 
Means of Progressive Currents of Long Duration; 
Studies on Cats with Experimentally Produced Section 
of Sciatic Nen-es, Arch. Neurol. & Psj-chiat. 51:147- 
154 (Feb.) 1944. 

360. Licht, S. : Neuromuscular Electrodiagnosis : 
Outline, Bull. U. S. Army M. Dept, January- 1944, 
no. 72, pp. 74-80. 

361. Chandler, F. A. : Surgical Procedures Com- 
monly Lised in Correcting Deformities of Spastic 
Paralysis, Clinics 2:992-1001 (Dec.) 1943. 

362. Schulze, R. : Trapezius Paralysis; Surgical 
Therapy-, Zentralbl. f. Chir. 70:692 (May S) 1943. 

363. Huguier, J., and Nardi ; Complete Impotence 
of Arm Due to Traumatic Elongation of Brachial 
Plexus : Arthrodesis of Shoulder and of M rist with 
Tendon Transplants; Satisfactory Functional Result, 
Mem. Acad, de chir. 68:168-173 (Feb. 11-March 4) 
1942. 

364. Weiss, P. ; Sutureless Reunion of Severed 
Nerves trith Elastic Cuffs of Tantalum, J. Neurosurg. 
1:219-225 (May) 1944; Technology- of Regeneration: 

• Sutureless Tubulation and Related Alethods 
of Nerve Repair, ibid. I:400-4o0 (No\.) 19 -t4. 
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I'oung points out the advisability of as earl}- 
suturing as possible and the effects of delay. 

Thomsen and Thomsenj Altamirano and 
Luco have discussed the effects of tenotomy 
on muscle contractures and neuromuscular trans- 
mission. 

Blalock^®® reports favorable results in the 
treatment of mj-asthenia gravis by thymectomy. 

Vitamins. — ^The rvork rvith vitamins has 
become less and less significant in the last two 
years- with regard to their effects on neuromotor 
pathologic changes in general. There are, of 
course, exceptions to this, but these changes 
occur apparently only in the presence of severe 
avitaminosis, and it appears that relative avita- 
minosis is not of so much importance. 

Hines, Lazere and Thomson described the 
effects of different intakes of vitamins of the 
B complex on neuromuscular regeneration and 
found that it was not affected by withdrawal of 
the vitamins and that excess intakes caused no 
enhancement of regeneration. 

Hines, Lazere and Thomson discuss a 
similar study rvith regard to the effects of -v-ita- 
min C on neuromuscular regeneration in guinea 
pigs. They conclude that the regenerating 
muscles of animals subsisting on low intakes 
of ascorbic acid were weaker than those with a 
sufficient quantity but that excess intakes of 
ascorbic acid had no beneficial effect. 

Minot and Frank confirmed previous 
writers in the fact that vitamin E therapy is not 
noticeabl}’- effective against pseudohypertrophy. 

365. Young, J. Z. ; Effect of Delay on Success of 
Suture, Proc. Roy. Soc. Med. 37:551-552 (.^ug.) 1944. 

366. Thomsen, P. : Recuperation from Effects of 
Tenotomy on MeuromuscuJar Transmission, Rev. de 
med. y aliment. 5:312 (April-July) 1943. 

367. Thomsen, P. ; Altamirano, M., and Luco, J. V. : 
Effects of Tenotomr' on A^euromuscular Transmission, 
Rev. de med. y aliment. 5:84 (Oct.-Jan.) 1941-1942. 

368. Blalock, A.: Thymectomy in Treatment of ifyas- 
thenia Gravis: Twenty Cases, J. Thoracic Surg. 13: 
316-339 (Aug.) 1944. 

369. Hines, H. JI. ; Lazere, B., and Thomson, J, D. ; 
Effects of Different Intakes of B-Comple.x Vitamins 
upon Xeuromuscular Regeneration, Proc. Soc. E.\-per. 
Biol. & Med. 55:97-98 (Feb.) 1944. 

370. Hines, H. M.; Lazere, B.; Thomson, J. D., and 
Cretzmeyer, C. H.; Study of Neuromuscular Re- 
generation Under Different Levels of Ifitamin C Intake, 
J. Nutrition 27:303-308 (April) 1944. 

371. Minot, A. S., and Frank, H. E. : Serum 
Tocopherol ; Relation of Failure of Ih^tamin E Therapy 


J'lims discusses the same question for the 
myopathies, with a conclusion that there is little 
if any value in use of vitamin E' for these con- 
ditions. 

Drugs . — Tlie use of drugs for neuromotor 
conditions has increased considerablv in the last 
year or two, and articles about their use 
beginning to appear with greater frequem 
The effects of curare and its S3-nthetic derivativ 
are being wideh- tested, but as yet few artid 
concerning this have appeared in the literatim 

Chiodin describes the effect of curare ai 
er}'sopine in the treatment of spastic paralvs 
with some evidence of improvement in certa 
of these conditions. 

Schaubel discusses neostigmine as an a 
junct in the treatment of cerebral palsy and not 
definite improvement in some of the patieni 
especially in the field of their speech, 

Oppikofer discusses the use of neostigniii 
in treatment of myasthenia gravis and points o: 
the effectiveness of this drug. 

Hoagland, Shank and Gilder®"'’ discuss tl 
effect of testosterone propionate on creatinur: 
in progressive atrophy and dystrophy. The 
feel that if excretion of creatinine which occui 
after testosterone medication ma}' be regarde 
as a true storage phenomenon, it would justii 
the administration of this hormone over a prc 
longed period to see whether muscle functio 
could be improved thereby. Their report is 
preliminar}' one at the present time. 


for Pseudohypertrophic Dystrophy, .4m. J. Dis. Chili 
67:371-375 (May) 1944. 

372. Mims, W. D.: lvalue, if Any, of V'itam/n E it 
Myopathies, with Case Reports. Jlcmphis M. J. 19' 
135-136 (Sept.) 1944. 

373. Chiodin, L.: Curarizing Therapy in Disorder 
of Children: Effect of Erysopine (Alkaloid of Erythnm) 
and Curare, Rev. Soc. pediat. de Rosario 8:139-!:! 
(May-Aug.) 1943. 

374. Schaubel, H. J.: Prostigmine (.Vcostigmine) as 
.Adjunct in Treatment of Cerebral Pa!sy, Physiotherapy 
Rev. 24.-236-237 (Nov.-Dee.) 1944. 

375. Oppikofer, E. K.: Disorders of Speech am 

Deglutition in .\fj-asthenia Gravis Pscud^araly.sis 
Vafue of Neostigmine Therap.v, Pract. oto-rliino-lar>ng. 
5:238-249, 1943. , , „ 
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Abdcmen: ?ro Ga!«trnlnti«tlnal Tract ; rolvis; etc. 
Abi:ormalitIc.< and I>cform^tK^: See nlfo under 
namc‘5 of dlsea«c5. orenns and as Femur; 

Foot: MiisrU's: Tatclla : ; etc, 

conccnltal diformitlis. ITT 

concoiiltal deformities followlnc rubella durln;: 
prcrnancy, ITS 

rorlpljcral nerre chances associated with con- 
cenltal deformities. ITS 

Abscess: See under names of orcans and rcclons 
Accidents: See Trauma; etc. 

Acetabulum : See Hip 
Acid, Amino: Sec Amino Acids 
Acromioclavicular Joint : See Shoulder 
Acclutinins and Acchillnatlon : sludced blood In 
traumatic shock ; microscopic observations of 
precipitation and acclutinatlon of Mood flowlnc 
throuch vessels In entshed tissues. 

Air, Compressed: See Caisson Disease 
Albrlpht Syndrome : See Osteitis fibro'^a 
American Academy of Orthopaedic Surtteons; pro- 
press In orthopedic surpery for 1944 : review pre- 
pared by editorial hoard of American Academy 
of Orthopaedic Surpeons, 1T4, 2S3 
Amino Acids; nltropcn balance studies on surplcal 
patients recelvinp amino acids ; observations on 
patients with obstructlnp lesions of esophapus 
and stomach recelvinp amino acids by parenteral 
Injections as cjccluslve source of protein. 59 
Analpesla : See Anesthesia 

Anesthesia ; new treatment for postoperative pul- 
monary collapse (cocalnlzatlon of throat), 23T 
Anesthetics : See Anesthesia 
Anploma, vascular neoplasms, 1S4 
Ankle: See also Astrapalus; Foot 
conditions Involvlnp foot and ankle, 193 
radlopraphlc examination fncludinp arthropraphy, 
202 

talocalcanean articulation, 202 
treatment of sprains, 199 
Ankylosis : See Joints 

Anomalies: See Abnormalities and Deformities: and 
under names of diseases, orpans and replons 
Apparatus, skeletal fixation of mandibular fractures; 
report of 5 cases, with 9 fractures. 2T9 
studies on muscle atrophy; method of rccordinp 
power In situ and observations on effect of posi- 
tion of Immobilliitlon on atrophy of disuse and 
denervation, 154 

Appendix, vermiform. Intussusception of ; report of 
case. 1T2 

Aqueduct of Sylvius: See under Brain 
Annies: See Military Medicine 
Anns: See Extremities; etc. 

Arteries: See Blood, pressure; etc, 

Arthrltis : See also Gout ; and under names of 
joints, as Hip; etc. 
chronic, 290 

sold toxicity In relation to gold salt therapy of, 
291 

treatment, 293 

Arthrography : See under Ankle 
Arthrogryposis Multiplex Congenita : See Joints, 

ankylosis; Muscles, abnormalities 
Arthroplasty: See Hip 
Astragalus: See also Ankle 
osteochondritis dissecans of. 201 
Ataxia, 31T 

Atelectasis : See Lungs, collapse 
^tvophy: See also under names of organs and re- 
gions. as Bones, atrophy; etc. 
oiuscular, 317 

muscular; method of recording power In situ and 
observations on effect of position of ImmobllJ- 
. zaUon on atrophy of disuse and denervation, 154 
-vitaminosis: See under Vitamins 


Bacilli: See Bacteria 

H.vcterl.i : See also Staphylococci ; etc. 

Leprosy ; See Leprosy 

skin bacteria : their role In contamination and 
Infection of wounds. TS 
n.'tr(erIo«l.i5fs ; See Staph.vlococcl 
BeU’s Paralysis: See Paralysis, facial 
lUonett. It. L. : Poliomyelitis; convalescent treat- 
ment and related subjects, 310 
Bile Ducts: Sec also Biliary Tract: Gallbladder 
chronic sclerosing pancreatitis causing complete 
stenosis of common bile duct, 15 
pancreatitis : anatomic study of pancreatic and 

eitraUepallc biliary systems, 203 
Biliary Tract : See also Bile Ducts ; Gallbladder 
pancreatitis ; anatomic study of pancreatic and 

cxtrahcpatlc blllarj* systems. 205 
Blair. J. E. : renlclllln In treatment of chronic 
osteomyelitis; preliminary report, 81 
Block. E. H. ; Sludced blood In traumatic shock; 
microscopic observations of precipitation and 
agglutination of blood flowing through vessels 
In crushed tissues, 220 
Blood: See also Erythrocytes 
pressure; hemodynamic and biochemical changes 
In dogs subjected to section of spinal cord; 
changes in dogs surviving operation for pro- 
tracted periods, 42 

pressure, low; early effects on dogs of eighth 
cervical segment of spinal cord and their bearing 
on shock, 32 

sludged blood In traumatic shock; microscopic 
observations of precipitation and agglutina- 
tion of blood flowing through vessels In crushed 
tissues, 220 

Body Fluids: See Fluids 
Bones: See also under names of bones 
aseptic necrosis In hip lesions, 193 
.atrophy; Sudeck's atrophy, ITT 
benign neoplasms of, 183 
cancer, 1S6 

Deformities : See Abnormalities and Deformities ; 

Osteitis deformans ; Poliomyelitis ; etc. 

Diseases: See also Osteitis; Osteochondritis; 

Osteomyelitis ; etc. 

diseases of growing and of adult bone, 1T4 
Dystrophy : See Bones, atrophy 
experimental studies of primary and secondary 
tumors of bone. 1ST 
fragility ; -osteogenesis Imperfecta. 1T5 
giant ceil tumor producing spinal cord compres- 
sion, 131 

growth and regeneration of, 176 
growth; cleidocranial dysostosis, 179 
lesions simulating neoplasms of, 182 
Softening: See Osteomalacia 
tuberculosis of bones and joints, 2S5 
tumors, classification of, 181 
tumors of bone and of synovial membrane, 181 
Brain, diagnosis and treatment of strictures of 
aqueduct of Sylvius (causing hydrocephalus), 1 
surgery ; gelatin sponge ; surgical investigation of 
new matrix used In conjunction with thrombin 
In hemostasis, 69 

Brantigan, 0. C. : Resection of lung in treatment 
of pulmonary tuberculosis, 14T 
Breast cancer and 'TPaget's disease of breast," 262 
Brooke, TV. S. : Leiomyosarcoma of uterus ^th 
metastasis to femur; report of case and renew 
of literature, 120 ^ , 

Buchroan, J. : Penicillin In treatment of chronic 
osteomyelitis; preliminary report, SI 
Bullet Wounds: See Wounds , 

Burke. H. D. : Skeletal fixation of mandibular 
fractures; report of 5 cases, with 9 fractures, 
279 

Burke, J. : Transthoracic operative approach for 
traumatic lesions of spleen, 28 
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Burns, cleansing of oH-corered skin and bums, 55 
electrolyte changes and chemotherapy In experi- 
mental bum and traumatic shock and hemor- 
rhage, 244 

Caisson Disease, 174 

Calcaneum, fracture of calcaneus bone, 198 
Calcification ; See Bones, growth ; etc. 

Calculi: See Gallbladder, calculi; etc. 

Cancer: See also Sarcoma; Tumors; and under 
names of organs and regions, as Bones; Breast; 
etc. 

metastatic, 186 

metastatic, causing cord compression, 125 
Carcinoma: See Cancer 
Cartilage: See Joints; Osteochondritis; etc. 

Causalgla : See ^*euralgla 
Cells : See Tissue 
Cerebrum : See Brain 

Chemotherapy; See Penicillin; Tuberculosis ; etc. 
Chest: See Thorax 

Chloroform, fragmentation and dissolution of gall- 
stones by, 51 

Cholelithiasis : See Gallbladder 
Chordotomy: See under Spinal Cord 
Cipolla, A. F. : Fragmentation and dissolution of 
gallstones by chloroform, 51 
Clarke, J. S. : Gelatin sponge, new hemostatic sub- 
stance; studies on absorbability, 253 
Cocaine: See Anesthesia 

Cole, W. H. : Chronic sclerosing pancreatitis causing 
complete stenosis of common bile duct, 15 
Colitis, chronic ulcerative, with generali 2 ed peri- 
tonitis and recovery ; treatment with penicillin 
and sulfadiazine. 102 

Colon, Perforation : See Intestines, perforation 
Convalescence ; poliomyelitis ; convalescent treatment 
and related subjects, 310 
Coracoclavlcular Joint: See Shoulder 
Corcoran, A. C.: Post -traumatic renal injury; 

summarj' of experimental observations, 93 
Correction In article by Kenneth W\ Penhale en- 
titled '^4cryIIe Resin as Implant for Correction 
of Facial Deformities'* (Arch, Surg. 50: 233 
[May] 1945). 282 

Costello, C. J . ; Breast cancer and "Paget's disease 
of breast," 2G2 
Coxitis : See Hip 

Cranium: See also Occipital Bone; etc. 
tuberculosis, 289 

Cretinism ; epiphysial dysgenesis associated with 
cretinism in premature infant, 170 
Crush Syndrome: See Extremities, Injuries 
Cysts; See under names of organs and regions, as 
Spine; etc. 

Dandy, W. E. : Diagnosis and treatment of stric- 
tures of aqueduct of Sylvius (causing hydro- 
cephalus), 1 

Deformities: See Abnormalities and Deformities; 

and under names of diseases, organs and re- 
gions 

Detergents ; cleansing of oil-covered skin and burns, 

55 

DIasone In human tuberculosis, 2S5 

Digestive System: See Gastrointestinal Tract; 

Intestines; Pancreas; Stomach; etc. 

Dislocations : See Foot; Hip; Shoulder: etc. 

Drugs In treatment of neuromuscular disorders. 318 
Ductus Arteriosus, patent; surgical therapy; report 
of 5 cases, IOC 

Duodenum, Ulcers : See Peptic Ulcer 
Dysostosis : See Bones, growth 
Dystrophy : See also Bones, atrophy ; Nalls 
mu5cul.^^, 317 

Elchelberger, h. : Early effects on dogs of section 
of eighth cervical segment of spinal cord and 
their bearing on shock, 32 
Hemodynamic and biochemical changes in dogs 
subjected to section of spinal cord; changes In 
dogs surviving operation for protracted periods, 

42 

Elsenh.iucr, J. : Studies on muscle atrophy; method 
of recording power In situ and observations on 
effect of position of Immobilization on atrophy 
of disuse and denervation, 151 


Elbow, congenital absence of patella associated 
with arthrodysplasla of elbows and dystrophy 
of nails, 180 

Electrolyte changes and chemotherapy In ciperl- 
mental bum and traumatic shock and hemor- 
rhage, 244 

Electromyogram : See Muscles 

Eliot, T. S. : Sludged blood in traumatic shock; 
microscopic observations of precipitation and 
agglutination of blood flowing through vessels in 
crushed tissues. 220 

Endocrine Therapy: See under names of glands and 
hormones 

Epidermis : See Skin 

Epiphyses, dysgenesis associated with cretinism in 
premature Infant, 179 

Erjlhrocytcs ; hemodynamic and biochemical changes 
in dogs subjected to section of spinal cord; 
changes In dogs surviving operation, for pro- 
tracted periods, 42 

Esophagus; nitrogen balance studies on surgical 
patients receiving amino acids; observations on 
patients with obstructing lesions of esophagus 
and stomach receiving amino acids by parenteral 
Injections as exclusive source of protein, 59 

Extremities; See also under names of bones 
Injuries; post-traumatic renal injury (crush syn- 
drome) ; summary of experimental observations. 


Face, Paralysis: See Paralysis, facial 
Factories: See Industry 
Femur: See also Hip 

abnormalities; Naegele pelvis associated with rudi- 
mentary femur, 180 
Epiphyses : Sec Epiphyses 
fatigue (march) fractures of femoral neck, 193 
fractures, treatment, 189 

leiomyosarcoma of uterus with metastasis to 
femur; report of case and review of literature, 
120 

Fibroma, periosteal, 383 
Fibrosarcoma, 180 
Fingers and Toes: Sec also Fool 
operation to reduce and maintain overlapped or 
dorsally subluxated flflli toe. 202 
Nalls: See Nails 

Fluids; electrolyte changes and chemotherapy In 
e.tperimental bum and traumatic shock anfl 
hemorrhage, 244 

Foot: Sec also Ankle; Astragalus; Calcaneunj; 

Fingers and Toes; ‘Metatarsus; etc. 
conunoD hyperkcratotlc lesions of. 203 
conditions Involving foot and ankle, 395 
deformities. 200 
disorders, 198 
Immersion foot, 203 
Madura ; See Mycetoma 
M.irch : See Metatarsus 
pain; metatarsalgla, 203 

pain; Morton’s metatarsalgla syndrome, 201 

painful feet, 198 

radiography, 202 

subastragalold dislocation. 200 

traumatic vasospasm, 203 

trench fool, 204 

Fractures: Sec Calcaneum; Femur; Jans 
Fragllltas OssJum : Sec Bones, fragility 
Frarobesla; leprosy and yaws, 17C 

Gallbladder; See also Bile Ducts; Biliary Trad 
calculi; fragmentation and dissolution of 
stones by chloroform, 51 
Gall-Stones: See Gallbladder, calculi 
Gastric Ulcer: Sec Peptic t/Icer 
Gastroduodenal Ulcer: Sec Peptic Ulcer 
Gastrointestinal Tract: See also Intestines; Stomatu, 
etc. 

ulcerating lesions of gastroenteric stoma. 3J5 
Gehatln sponge, new hemosLallc sui»5tance; stuai. 
on absorbability, 253 

sponge; surgical Investigation of new matrix u - 
In conjunction with thrombin in hcmostasi!, CJ 
Genu Rccurratum : See Knee 
German Measles: See P.ubella 
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Gfll, A. B. : Con;:cnItaI dislocation of hip, 2S3 
Gold and Gold Compounds ; toxicity In relation to 
pold salt therapy for arthritis, 291 
Gout, trcatmcnl, 295 

Grandstaff, K. H. : Xew treatment for postoperative 
pulmonary collapse. 237 

Grant, C. : Lesions of spinal epidural space pro- 
duclnc cord compression, 123 
Granuloma, epidural tuberculous, produclnp spinal 
cord compression, 144 

nonspeclflc, produclnj: spinal cord compression, 143 
syphilitic, produclnc spinal cord compression. 144 
Troplcum : See Frambesla 
Gunshot Wounds : See Wounds 

Hand; Sec nntrers and Toes 

Hauser, E. D, W. : Conditions IntolvlnK foot and 
anWe. 195 
Head; See Cranium 

Hemoclobln and Hemoglobin Compounds: See also 
Blood 

hemodynamic and biochemical chanfres In dops 
subjected to section of spinal cord ; chances In 
docs surrlvlnj: operation for protracted periods, 
42 

Hemorrhape: See also Hemostasis; Spine; etc. 

electrolyte chances and chemotherapy In experi- 
mental bum and traumatic shock and hemor- 
rhace, 244 

Hemostasis ; electrolyte chance? and chemotherapy 
In erpcrlmental bum and traumatic shock and 
hemorrhace. 244 

celalln sponce, non* hemostatic substance; 

studies on absorbability, 233 
gelatin sponce; surclcal Inrestlcatlon of new 
matrix used In conjunction with thrombin In 
Ijcmostasls. C9 

Hepatic Duct : See Bile Ducts 
nip: Sec also Femur 
aseptic bone necrosis In hip lesions, 193 
conditions Inrolrlnc hip Joint, ISS 
cup arthroplasty, 194 
dislocation, 194 
dJsJocaiJoD, cooceDltal, 253 
cunshot wounds of, 103 
hypertrophic arthritis of, 192 
pyosenic coxitis, 192, 193 
' tuberculosis, 2SS 

Hoffman, W. S . : NUrocen balance studies on surgical 
patients recelrinc amino acids; obserratlons on 
patients with obstructlnp lesions of esophagus 
and stomach recelvlnc amino acids by parenteral 
. Injections as exclusive source of protein, 59 
Bora, B. C., Jr. : Lesions of spinal epidural space 
produclnc cord compression, 123 
Hydrocephalus : diagnosis and treatment of strictures 
of aqueduct of Sylvius (causing hydrocephalus). 

Hypotension: See Blood pressure, low 

Ileum: See Intestines 
Industry, march fracture in, 19C 
Infantile Paralysis: See Poliomyelitis 
Infants, premature, epiphysial dysgenesis associated 
with cretinism in, 179 

Infection : See Wounds ; and under names of bac- 
teria, as Staphylococci; etc. 

Ingersoll, F. M. : Intussusception of vermiform 
appendix; report of case, 172 
Injuries; See Trauma; and under diseases, organs 
and regions, as Extremities; Kidneys; Spleen; 
etc. 

Instruments: See Apparatus 

Intestines : See also Gastrointestinal Tract 

Perforation; chronic ulcerative colitis with gen- 
crali 2 ed peritonitis and recovery ; treatment with 
penicillin and sulfadiazine, 102 
reestablishment of pancreatic secretion Into intes- 
tine after division of pancreas; experimental 
study, 164 

peers : See Peptic Ulcer 

iniussuseption of vermiform appendix; report of 
. .case, 172 

lufantile paralysis, 296 
stands of Langerhans : See Pancreas 


Jacobs, T. T. : Transthoracic operative approach for 
traumatic lesions of spleen, 28 
Jaws, skeletal fixation of mandibular fractures; 

report of 5 cases, with 9 fractures, 279 
Jejunum; See Intestines 
Ulcers ; See Peptic Ulcer 
Jenkins, H. P. : Gelatin sponge, new hemostatic 
substance ; studies on absorbability, 253 
Joints: See also under names of Individual joints, 
as Elbow; Hip; etc. 

ankylosis; arthrogryposis multiplex congenita, 179 
Inflammailon; See Arthritis 

Loose Bodies In: See Osteochondritis dissecans; 

and under names of joints 
tuberculosis of bones and joints, 2S5 

Kenny Treatment: See Poliomyelitis 
Keratosis; common hyperkeratotlc lesions of foot, 
203 

Key, J. A-.: Studies on muscle atrophy; method of 
recording power in situ and observations on 
effect of position of Immobilization on atrophy 
of dJsuse and denervation, 154 
Kidneys, post-traumatic renal Injury; summary 
of experimental observations, 93 
Kite, J. II. : Congenital deformities, ITT 
Knee: Sec also Patella 
paralytic genu recurvatum, 304 
Knisely, M. H. : Sludged blood In traumatic shock: 
microscopic observations of precipitation and 
agglutination of blood flowing through vessels 
In crushed tissues, 220 

Kozoll, D. D. : Nitrogen balance studies on surgical 
patients receiving amino acids : observations on 
patients with obstructing lesions of esophagus 
and stomach receiving amino acids by parenteral 
injections as exclusive source of protein, 59 
Kuhns, J. G. : Chronic arthritis, 290 
Kyphosis: See Spine, curvature 

Laestar, C. H. : Early effects on dogs of section of 
eighth cervical segment of spinal cord and thelf 
bearing on shock, 32 

Hemodynamic and biochemical changes In dogs 
subjected to section of spinal cord; changes 
In dogs surviving operation for protracted 
periods. 42 

Langerhans’ Islands : See Pancreas 
Legs: See Extremities; Foot; and under names of 
bones 

Ulcers: See Ulcers 

Leiomyosarcoma of uterus with metastasis to femur; 

report of case and review of literature, 120 
Leprosy and yaws, 176 
Ligaments, museJes and tendozis, ITT 
Light. R. U. : Gelatin sponge; surgical investigation 
of new matrix used in conjunction with thrombin 
in hemostasis, 69 

LovelJ. D. L. : Penicillin ; its topical use as bac- 
teriostatic agent for palliative treatment of 
chronic stasis ulcers of lower extremities. 22 
Skin bacteria ; their role in contamination and 
infection of wounds, 7S 
Lungs: See also Thorax; etc. 
collapse, complicating acute poliomyelitis, 302 
collapse ; new treatment for postoperative pulmo- 
nary collapse, 237 

resection in treatment of pulmonary tuberculosis. 
147 

Tuberculosis: See Tuberculosis, pulmonary 

McDonald, J. R.: Ulcerating lesions of gastroenteric 
stoma, 113 . 

Mace. L. M.: Reestablishment of pancreatic secretion 
into Intestine after division of pancreas: experi- 
mental study, 164 
Madura Foot: See Mycetoma 
Mammary Gland: See Breast 
Mandible: See Jaws 

March Fractures: See Femur; Metatarsus 
3fason, H. S. : Geanslng of oil-covered skin and 
bums. 55 

Measles, German: See Rubella 
Medicine, Military: See ^lilitary Medicine 
Naval: See Naval Medicine 
Meigs, J. V.: Intussusception of vermiform ap- 
pendix; report of case, 172 
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^etaU. cup arthroplasty of hip (wit?! rifalHum). 194 
Metatarsalgia; See Toot, pain 
.Metatarsus; See also Foot 
marcli fractures, 195 
march fracture in industry, 196 
Meyer, K. A- ; Xitrogen balance studies on surgical 
patients receiving amino acids; observations on 
parents U'ith obstructing lesions of esophagus 
and stomach receiving amino acids bj* parenteral 
injections as exclusive source of protein, o9 
Mexerding, H. W, : Tumors of bone and of synovial 
membrane, ISl 

Military Jledicine; See also Xaval Medicine 
fatigue (march) fractures of femoral neclr, 193 
march fractures, 195 
painful feet, 19S 

transthoracic operative approach for traumatic 
lesions of spleen, 28 
trench foot, 204 

^fontgomery, R. p. ; Conditions Involving foot and 
ankle, 195 

Morion’s Disease; See Toot, pain 
Murphy, D. D. ; Skeletal fixation of mandibular 
fractures; report of 5 cases ivlth 9 fractures. 279 
Muscles, abnormalities ; arthrogryposis multiplex 
congenita, 179 

Atrophy: See Atrophy, muscular 
diagnostic procedures. 317 

drugs In treatment of neuromuscular disorders. 3lS 
Dystrophy; See Dystrophy, muscular 
ligaments and tendons, 177 

neuromuscular disorders exclusive of poliomyelitis. 
315 

rupture of plaotarls muscle, 201 
studies on muscle atrophy; method of recording 
power In situ and observations on effect of posl* 
tion of immobilization on atrophy of disuse and 
denervation, 154 
surgery, 317 

vitamins and neuromuscular disorders, 318 
Mycetoma; madura toot, 202 
Myeloma producing spinal cord compression, 127 

Nalls, congenital absence of patella associated Tvlth 
arthrodysplasla of elbows and dystrophy of 
nails, 180 

radical operation for cure of ingrowing nails, 203 
Xarat. J, K. ; Fragmentation and dissolution of 
gallstones by chloroform, 51 
Xarcosls: See Anesthesia 
Xaval Medicine: See also Military Medicine 
Immersion foot, 203 
Necrosis ; See under Bones ; etc. 

Nerves: See also Neuralgia; Paralysis 
drugs In treatment of neuromuscular disorders, 
318 

• neuromuscular disorders exclusive of pollorayelltl**, 
315 

peripheral, changes associated with congenital 
deformities, 178 
surgerj*, 317 

vitamins and neuromuscular disorders, 3l8 
Nervous System; See Brain; Nerves: Spinal Cord: 
etc. 

Tumors : See Neuroblastoma; etc. 

Neuralgia. 317 

Neuroblastoma producing spinal cord compression, 
12S 

Neurofibromatosis and osteitis fibrosa cystica, 175 
Nipple See Breast 

Nitrogen balance studies on surgical patients receiv- 
ing amino acids; observations on patients with 
obstructing lesions of esophagus and stomach 
receiving amino acids by parenteral Injections 
as exclusive source of protein. 59 
Nomenclature, breast cancer and “Paget’s disease of 
breast,” 2C2 

Occupations: See Industry 

Oil. cleansing of oil-covered skin and burns, 55 
Operating Rooms ; See Surpery 

Ortbop^c surgery, progress for 1914; review pre- 
pared by editorial board of American .academy 
of Orthopaedic Surgeons, 174. 2«3 
Orthopedics: See also Rones; rollomyelitls ; etc. 
abuse of bed rest, 177 


Os Calcis; See Calcaneum -.v 
Osgood-Schlatter Disease; See Tibia, tuberosity 
Ossification; See Bones, growth 
Osteitis deformans, 174 
fibrosa cystica and neurofibromatosis, 175 
fibrosa; fibrous dysplasia of bones (Albright «!v 
drome). 175 

Osteochondritis dissecans of astragalus, 201 
Osteogenesis: See Bones, growth 
Imperfecta: See Bones, fragility 
Osteoma, osteoid. 183 
Osteomalacia, 175 

Osteomyelitis, chronic; penicillin in treatment; pr 
llmlnary report, 8I 
Osteoporosis ; See Bones, fragility 
Osteopsathyrosis: See Bones', fragility 


Page, I. H. : Post-traumatic renal injury; sun 
mary of experimental observations, 93' 
Paget's Disease of Bones; See Osteitis deformar 
Disease of Nipples: See under Breast 
Pain: See under Foot; Shoulder; etc. 

Palmer, IV. L. : Chronic ulcerative colitis wit 
generalized peritonitis and recovery; treaimcr 
with peniclillD and sulfadiazine, 102 
Palsy: See Paralysis 

Pancreas: pancreatitis ; anatomic study of pancreall 
and extrabepatic biliary sy'stems, 205 
reestablishment of pancreatic secretion Into In 
testines after division of pancreas; experlmenta 
study, 164 

Pancreatitis; anatomic study of pancreatic am 
extrahepatlc biliary systems. 205 
chronic sclerosing pancreatitis causing corapleh 
stenosis of common bile duct. 15 
Paralysis: See also Poliomyelitis 
cerebral palsy, 315 
facial, in relation to poliomyelitis, 302 
Infantile; See Poliomyelitis 
peripheral, 31 D 
Patella: See also Knee 

congenital absence associated with arthrodysplasla 
of elbows and dystrophy of nails, 380 
Pelvis, deformities; Naegele pelvis associated with 
mdimenlary femur, 180 
paralytic deformities of trunk, 305 
Penicillin ; Its topical use as bacteriostatic agent for 
palliative treatment of chronic stasis ulcers of 
lower extremities, 22 
Therapy; See Colitis; OsteomyolUis; etc. 

Peptic Ulcer: ulcerating lesions of gastroenteric 
stoma. 113 

Peritonitis, chronic ulcerative colitis with gencrallrcd 
peritonitis and recovery; treatment with peni- 
cillin and sulfadiazine, 302 
Peterson. L. VT.: Chronic sclerosing pancreatitis 
causing complete stenosis of common bile duct, 

, . 

Phelps. W. M. ; Neuromuscular disorders exclusive 
of poliomyelitis. 315 

Phemlster, D. B. : Early effects on dogs of section 
of eighth cervical segment of spinal cord and 
their bearing on shock. 32 
Hemodynamic and biochemical changes In dogs 
subjected to section of spinal cord; changes m 
dogs surviving operation for protracted periods. 


ickre*!!. K. L. : Pancreatitis; anatomic study of 
pancreatic and extrahepatlc blllarj’ 

(graentation; fibrous dysplasia of hones iAJl'rJrht 
syndrome), 175 

ollomyelltls, 306 itt 

additional reports bearing on trea^tment. 3n 
combined forms of treatment.^ wl-* 
rompi/cations and sequels. 302 
conxalescenl treatment and related subjects. •' 
diagnosis, 390 
etiology. 296 

InfantJie paralysis. 296 ^ 

fCcnoy method of treatment, 
natural course of. 310 
orthodox ireatjntnt. 310 
pathology, .301 
prevention. 301 
(ran<ml*flon. 296 
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rwIt-Thomns, U. R. : Rcc.st.iblljhmpnt of pnnm'ntir 
secretion into Intestine after division of pan- 
creas; experimental study, 1C I 
Prcrnancy, congenital deformities followinc nilKlla 
durinc, ITv'? 

Premature Infants : See Infants, premature 
Prentice, II. R. : Gelatin sponire: surylcal InvestlR.a- 
tlon of new matrix used In conjunction with 
thrombin In hemostasis, G9 
Promln. effect on experimental tuberculosis. 2SC 
Proralzolo, effect on experimental tuberculosis. 2SC 
Proteins; nllroscn balance studies on surplcal pa- 
tients receiving amino acids; observations on 
patients with obstniclln;: lesions of esophafnis 
and stomach receiving amino acids by parenteral 
Injections as exclusive source of protein, r*9 
Pseudarthrosls, conccnltal, of tibia, ISO 
Puberty, precocious; fibrous dysplasia of lK?ncs 
(AlbrlplU syndrome), 17." 


Radiography: ?ee under Ankle: Foot: etc. 
Recklinghausen’s PIsease: See Osteitis fibrosa; 

Neurofibromatosis 
Recruits: See Military Medicine 
Rest, abuse of bed rest. 177 
Rhabdomyosarcoma, 1S6 
Rheumatism; See Arthritis 

Ricketts, W. K, : Chronic ulcerative colitis with 
pcnerallzed peritonitis and recover?*; treatment 
with penicillin and sulfadiazine, 102 
Rlcnhoff, lY. T.. Jr.: Pancreatitis; anatomic study 
of pancreatic and extraliepatlc biliary .systems, 
20j 


Rosenthal. S. >f. ; FAectrolyte chances and chemo- 
tlierapy In experimental burn and traumatic 
shock and homorrhace, 241 
Rubella: congenital deformities followlnc rubella 
during prepnancy, 17S 


^^P^nt^ acute epidural suppuration, 142 
chronic epidural hemorrhage, 140 
curvatJire; paralytic scoliosis, 304 
extradural cyst, 13S 

lesions of spinal epidural space producing cord 
compression. 12." 

painful sliouldcr due to lesions of cervical spine. 
2S9 

Spleen, transtlioracic operative approach for trau- 
matic lesions of. 2S 
Splints. Denis Browne, ISI 

Sponce. celatin; surgical investigation of new 
matrix used In conjunction with llirombln in 
Ijcmostasis, OP 
Sprains: Sec Ankle 

Stapliylococcl ; penicillin in treatment of chronic 
ostconiyclltls ; preliminary report. SI 
penicillin ; Its topical use as bacteriostatic a^ent 
for palliative treatment of chronic stasis ulcers 
of lower extremftfes, 22 

skin bacteria; their role In contamination and 
Infection of wounds. 7S 
StomacIi : See also Gastrointestinal Tract 

nllrocen balance studies on surgical patients 
rerelvin? amino acids ; observations on patients 
witli obstnjctinz lesions of esophagus and stomach 
receiving .amino acids by parenteral injections 
as exehjsive source of protein, 50 
Ulcers : See Peptic Ulcer 
Sudock's Atrophy; Sec Bones, atrophy 
Sulfadiazine: Sec Colitis 
Suntcry: See also Apparatu.s; \N*ound5; etc. 

new treatment for postoperative pulmonary col- 
lapse, 237 

S.vnovlal Membrane, le.slons of, 1S3 
tumors of bone and of .«yEov5aI membrane. ISl 
Syphilis : See under names of oryans and regions 


Sarcoma: Sec Fibrosarcoma; Beiomyorarcoma ; 

Tumors ; etc. 

raallgnant osteogenic, 1S4 
Schlattcr-Osgood Disease : See Tibia, tuberosity 
Schwartz. L. : Cleansing of oil-covered skin and 
bums, 35 

Scoliosis : See Spine, curvature 
Sesamoid Bone: Sec Jfetatarsus 
Shenkin. H. A.: Lesions of spinal epidural space 
producing cord compression, 123 
^ock; early effects on dogs of .section of eighth 
cervical segment of spinal cord and their bearing 
on shock, 22 

electrolyte changes and chemotherapy in experi- 
mental bum and traumatic shock and hemor- 
rhage, 244 

hemodynamic and biochemical changes in dogs 
subjected to.' section of spinal cord ; changes In 
dogs surviving operation for protracted periods, 
42 

post-traumatic renal injury; summary of experi- 
mental observations, 93 

traumatic, sludged blood In ; microscopic observa- 
tions of precipitation and agglutination of blood 
flowing through vessels In crushed tissues, 220 
painful, due to lesions of cervical spine, 

Siegling, j. a. : Diseases of growing and of adult 
bone, 174 

Skin bacteria ; their role in contamination and infec- 
tion of wounds, 7S 

cleansing of oil-covered skin and bums, 55 
Skull: See Cranium 

Smith, A. de P. : Tuberculosis of bones and joints, 
2S3 

Smithy, H. G. : Reestablishment of pancreatic se- 
cretion Into intestine after division of pancreas; 
eperimental study. 1G4 

•-Pinal Cord; early effects on dogs of section of 
eighth cervical segment of spinal cord and their 
bearing on shock, 32 

nemodynamic and biochemical changes In dogs 
subjected to section of spinal cord : changes in 
dogs surviving operation for protracted periods, 

lesions of spinal epidural space producing cord 
compression, 125 


Tabor, H. : Klcctrolyte changes and chemotherapy 
in experimental btim and traumatic shock and 
hemorrhage, 244 

Taloc.ilcane.an Joint : See Ankle 
Tarsus; See Ankle; Astragalus; Calcaneum; Foot 
Tt-ndons, ligaments and muscles, 177 
Thomason, J. B. : Leiomyosarcoma of uterus with 
metastasis to femur; report of case and review 
of literature, 120 
Thorax : See also Lungs ; etc, 

transthoracic operative approach for traumatic 
lesions of spleen, 2S 

Tliroal, new treatment for postoperative pulmonary 
collapse (cocalnization of throat), 237 
Thrombin; gelatin sponge; surgical investigation of 
new matrix used in conjunction with thrombin 
In hemostasis. 69 

Tibia, congenital angulation and congenital pseud- 
arthrosis of, ISO 
tuberosity, 177 

Tissue, sludged blood in traumatic shock; microscopic 
observations of precipitation and agglutination 
of blood flowing through vessels in crushed 
tissues, 220 

Toes : See Fingers and Toes 
Tonsillectomy and poliomyelitis. 303 
Toomey, J. A-. : Poliomyelitis, 306 
Tosseland. N. E, : Ulcerating lesions of gastro- 
enteric stoma, 113 
Tourniquet : See Hemostasis 
Trauma: See also Shock; etc. 

post-traumatic renal injury; summary of experi- 
mental observations, 93 

sludged blood in traumatic shock; microscopic 
observations of precipitation and agglutination 
of blood flowing through vessels in crushed 
tissues, 220 

Trent, J. C. : Surgical therapy of patent ductus 
arteriosus; report of 5 cases, 106 
Trochanter: See Femur 

Tuberculosis : See also under names of diseases, 

organs and regions, as Bones ; Cranium : Hip . 
Joints ; etc. 

experimental, chemotherapy of. 2S6 
ptilmonan*: resection of lung in treatment. 14* 



324 


INDEX TO VOLUME 51 


Tumors; See also Angioma; Cancer; Fibroma; 
Myeloma ; iN'euroblastoma ; Osteoma ; Sarcoma ; 
and under names of organs and regions, as 
Bones; Synovial iTembrone; Uterus; etc. 
giant cell, 184 
metastatic, 186 

Ulcers: See also under names of organs and re> 
glons 

penicillin; its topical use as bacteriostatic agent 
for palUatire treatment of chronic stasis ulcers 
of lower extremities, 22 
Peptic: See Peptic Ulcer 
Uterus, leiomyosarcoma with metastases to femur; 
report of case and review of literature, 120 


Venous Pressure; See Blood pressure 
Vertebrae : See Spine 
Tltallium : See Metals 
Vitamins and neuromuscular disorders, 318 
and poliomyelitis, 308 

War: See Military Medicine; Xaval Medicine; 

Wounds; etc. 

Wounds: See also Military Medicine 
gunshot, of hip, 193 

skin bacteria ; their role In contamination and 
Infection of wounds, 78 

Yaws: See Frambesla 




